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GENERAL INTRODUCTION 


American Chemical Society Series of 
Scientific and Technologie Monographs 


By arrangement with the Interallied Conference of Pure and 
Applied Chemistry, which met in London and Brussels in July. 
1919, the American Chemical Society was to undertake the pro- 
duction and publication of Scientific and Technologic Mono- 
graphs on chemical subjects. At the same time it was agreed 
that the National Research Council, in codperation with the 
American Chemical Society and the American Physical Society, 
should undertake the production and publication of Critical 
Tables of Chemical and Physical Constants. The American 
Chemical Society and the National Research Council mutually 
agreed to care for these two fields of chemical development. 
The American Chemical Society named as Trustees, to make 
the necessary arrangements for the publication of the mono- 
graphs, Charles L. Parsons, Secretary of the American Chemica. 
Society, Washington, D. C.; John E. Teeple, Treasurer of the 
American Chemical Society, New York City; and Professor 
Gellert Alleman of Swarthmore College. The Trustees have 
arranged for the publication of the American Chemical Soctety 
series of (a) Scientific and (b) Technologic Monographs by the 
Chemical Catalog Company of New York City. 

The Council, acting through the Committee on National Policy 
of the American Chemical Society, appointed the editors, named 
at. the close of this introduction, to have charge of securing 
authors, and of considering critically the manuscripts prepared. 
The editors of each series will endeavor to select topics which 
are of current interest and authors who are recognized as author~ 
ities in their respective fields. The list of monographs thus far 
secured appears in the publisher's own announcement elsewhere 
in this volume, i 
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The development of knowledge in all branches of science, and 
especially in chemistry, has been so rapid during the last fifty 
years and the fields covered by this development have been so 
varied that it is difficult for any individual to keep in touch with 
the progress in branches of science outside his own specialty, 
In spite of the facilities for the examination of the literature 
given by Chemical Abstracts and such compendia as Beilstein’s 
Handbuch der Organischen Chemie, Richter’s Lexikon, Ostwald’s 
Lehrbuch der Allgemcinen Chemie, Abegg’s and Gmelin-Kraut’s 
Handbuch der Anorganischen Chemie and the English and 
French Dictionaries of Chemistry, it often takes a great deal 
of time to codrdinate the knowledge available upon a single topic, 
Consequently when men who have spent years in the study of 
important subjects are willing to coérdinate their knowledge 
and present it in concise, readable form, they perform a service 
of the highest value to their fellow chemists. 

It was with a clear recognition of the usefulness of reviews of 
this character that a Committee of the American Chemical 
Society recommended the publication of the two series of mono- 
graphs under the auspices of the Society, 

Two rather distinct purposes are to be served by these mono- 
graphs. The first purpose, whose fulfilment will probably render 
to chemists in general the most important service, is to present 
the knowledge available upon the chosen topic in a readable 
form, intelligible to those whose activities may be along a wholly 
different line. Many chemists fail to realize how closely their 
investigations may be connected with other work which on the 
surface appcars far afield from their own. These monographs 
will enable such men to form closer contact with the work of 
chemists in other lines of research. The second purpose is to 
promote research in the branch of science covered by the mono- 
graph, by furnishing a -well digested survey of the progress 
already made in that field and by pointing out directions in 
which investigation needs to be extended. To facilitate the 
attainment of this purpose, it is mtended to include extended 
references to the literature, which will enable anyone interested 
to follow up the subject in more detail. If the literature is so 
voluminous that a complete bibliography is impracticable, a 
critical selection will be made of those papers which are most 
important, 
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The publication of these books marks a distinct departure in 
the policy of the American Chemical Society inasmuch as it is 
‚a Serious attempt to found an American chemical literature with- 
out primary regard to commercial considerations. The success 
of the venture will depend in large part upon the measure of ` 
coöperation which can be secured in the preparation of books 
dealing adequately with topics of general interest; it is earnestly 
hoped, therefore, that every member of the various organizations 
in the chemical and allied industries will recognize the impor- 
tance of the enterprise and take sufficient interest to justify it. 


AMERICAN CHEMICAL SOCIETY 
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Harrison E. Hown, Editor, 
WALTER A. SCHMIDT, 

F, A. Linsury, 

ÅRTHUR D. LITTLE, 

Frep C. ZEISBERG, 

JoHN JOHNSTON, 

R. E. Winson, 

E. R. WEDLEIN, 

©. E. K. Mres, 

F. W. WILLARD. 


PREFACE 


A survey of the literature on bearing metals and bearings showed 
that a great many valuable articles had been published in various 
foreign and domestic periodicals and in the transactions of technical 
societies. This material was so widely scattered as to be practically 
useless. At the suggestion of the Committee in Charge of the Mono- 
graph Series of the American Chemical Society, I have prepared the 
volume herewith presented. 

The chapters preceding the bibliography were prepared with the 
idea, of aiding persons not familiar with the subject to gain some idea 
of the fundamental principles involved in the selection of bearings 
and bearing metals, and to facilitate reference to the abstracts and 
the bibliography which follow them. 

No claim is made as to the validity of any theory or practice that 
is set forth in any portion of the book, but it is my hope that the 
authors of the various articles will find their theories and practices 
correctly interpreted, and that the reader will get a clear picture of 
the present status of hearings and hearing metals. 

Every effort has been made to give full credit to authors of articles 
and to publishers of both articles and books that are referred to in 
the introductory chapters as well as in the bibliography. I may owe 
debits to individual authors of which I am not aware for one inevitably 
forgets some sources of the accumulated store of information on go 
broad a subject as that covered in this volume. To my unknown 
debtors I am very grateful, as well as to those whose names appear 
in this foreword. l 

I gratefully acknowledge here my obligation to H. W. Gillett, 
Dircetor of Battelle Memorial Institute, Columbus, Ohio, E. R. Darby, 
Federal Mogul Corporation, Detroit, Michigan, H. J. French, Inter- 
national Nickel Company, Bayonne, New Jersey, W. H. Herschel, 
Associate Physicist, Bureau of Standards, Washington, D. C., Mayo 
D. Hersey, Physicist, Bureau of Standards, Washington, D. C., and 
E. M. Staples, Research Associate, Bunting Brass and Bronze Com- 
pany, Bureau of Standards, Washington, D. ©. 

W. M. Corsa, 


Washington, D. C. 
September 21, 1929, 
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PART x 
HISTORY 


BEARING METALS AND BEARINGS 


EARLY DEVELOPMENTS, 


A bearing is a mechanism devised to provide for rotation or for 
the sliding of two surfaces in contact with minimum friction. 

The first bearings were probably thrust bearings. Long before the 
invention of the wheel, ornaments or implements of stone, bone, or 
shell were drilled with holes to receive thongs or cords. The bow-string 
drill, which the Indian jewelers of the Southwest use today, was 
invented before the dawn of history. The upper end of this drill, 
apparently first held in the teeth, was later kept in place, and greater 
pressure applied, by. the use.of a hollowed-out stone or block of wood 
held in the teeth or the hand. Such was the first thrust bearing. The 
first radial bearings were, perhaps, those of the ox-cart with its 
solid wooden wheels. 

Wood was a satisfactory bearing material as long a as there was 
no need to move loads rapidly. But when war became the big business 
of the world, and horse-drawn chariots came into. use, metal-lined 
bearings became necessary. Horse-drawn chariots were used’ in the 
Trojan War, 1100 B. C., while the memorials of Rameses IT, 1300 
B. C., show whole squadrons depicted thereon. Czochralski and: Welter 
are authorities for the statement that iron bearings were used in 
ancient India and China. 

After the period of the Trojan Wars, when horse-drawn chariots 
were comparatively new toys, definite information es to the status 
of bearing materials and bearings is lacking, but we find that such 
machines as were in use during the Middle Ages had erudely con- 
structed wooden bearings. 

About the beginning of the fifteenth century we find evidences of 
renewed development in engineering fields. The first drawings and 
detailed descriptions of bearings date from the sixteenth century; 
Czochralski and Welter give reproductions of some of these old draw- 
ings. One shows the shaft of a water wheel resting on a:wooden block, 
held in place by an iron strap bent to fit the shaft; another shows the 
forerunner of the present overhead lineshaft bearing in which the 
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shaft rotates in a hole through a wooden block which is reinforced by 
an iron strap; a third figure shows a crude form of roller bearing. 
This, however, seems to have found little application. The authors 
state that the last two figures appeared in a work published in 1588, 

The development of the turning lathe in the eightecnth century was 
favorable to progress in bearing construction. The conical pivot bear- 
ing was introduced during this period, and two piece adjustable 
bearings were perfected also. A lathe bearing of this kind is illustrated 
in a work published in 1756. 

Very diverse opinions were held as to the suitability of different 
bearing materials, Wooden bearings were lined sometimes with iron, 
sometimes with brass or bronze, and often with leather or fabric. 


DEFINITION oF BEARING METALS., 


For the purposes of this volume the term “bearing metal” will be 
used to designate the metal that forms the bearing surfaces of sliding 
contact bearings. 

A good bearing metal must be able to carry the weight of the shaft 
and stand up under steady or suddenly applied loads, or even blows 
in some types of service, without flowing out or cracking. A certain 
amount of plasticity is desired in bearing metals to compensate for 
minute irregularities in the shaft or bearing surface. This plasticity 
permits yielding, thus avoiding dangerous stresses in the bearing and 
the shaft, and preventing overheating and rapid wear of these parts. 
The more accurately the surfaces of bearings and journals are ma- 
chined, aligned, and kept in alignment, the less plasticity is required 
in the bearing metal. It is desirable, of course, that a bearing metal 
should have a low coefficient of friction. Under most operating condi- 
tions, the friction depends on the properties of the lubricant, the unit 
pressure on the bearing, the speed and the temperature. 

A good bearing metal must have a low rate of wear to reduce the 
need for frequent replacements and adjustment of thé bearings. It 
must wear more rapidly, however, than the journal or shaft running 
on it, because replacement of the journal or shaft is more difficult and 
costly than replacement of the bearing. 

In many cases a bearing metal of good running properties is not 
strong enough to support the load by itself, but it is used as a compara- 
tively thin lining in a shell of some strong and cheap material such as 
cast iron, or, if this is not desirable, steel or bronze, On the other hand, 
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a strong and hard material is sometimes desired for a bearing metal, 
particularly where accuracy is required. In such cases both the shaft 
and the bearing metal must be carefully machined and finished by 
seraping, grinding or lapping. 


History or DEVELOPMENT 0f BEARING METALS, 


Special alloys for bearing purposes were first introduced between 
1792 and 1817, and the rapid progress of mechanical engineering since 
that time has been greatly aided by the development of ‘better bearing 
metals, improved bearing design, better lubricants and methods of 
lubrication. 

Alloys produced in the eighteenth century and the early part of 
the nineteenth century were suitable for bearing purposes from the 
point of view of running quality, but they were not strong enough to 
-support heavily loaded shafts without squeezing out. A wider use of 
these alloys became possible, however, when, in 1839, a United States 
patent was issued to Isaac Babbitt covering the use of a soft metal 
lining in a harder and stronger shell, Babbitt used a comparatively 
soft tin-base white metal, but did not restrict the claims of his patent 
to any particular composition. The advantage of using a soft metal 
lining in a harder shell is that the load carrying capacity may be 
increased without sacrificing the plasticity which permits the bearing 
surface to adjust itself to the contour of the shaft, or to a slight lack 
of alignment. This plasticity was lacking in the tin bronzes used in 
the early days of railroading, and hot boxes were common because 
of faulty adjustment. 

In 1870, Hopkins lined bronze bearings with thin sheet lead, but 
he found this too plastic. Antimonial lead, which is harder, proved 
to be more satisfactory, This “antifriction alloy” was the antimonial 
lead derived from the residue of the silver refineries. A little later 
compositions containing additions of tin and copper were found to be 
superior to the antimonial lead. 

The need for a more plastic metal than bronze or cast iron sug- 
gested the idea of lining bearings with soft metal. But for a long time 
after the introduction of these lining metals little progress was made 
toward improving the plasticity of bronze or other hard alloys, so that 
satisfactory bearings could be made entirely of the same kind of 
metal. Developments here and in England have been directed toward 
the production of a bronze containing considerable amounts of lead 
to increase its plasticity. 
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. The making and founding of such alloys proved difficult, and much 
investigation was necessary before satisfactory methods were obtained. 
About 1870, Alexander Dick in England invented the alloy Cu, 80; 
Pb, 10; Sn, 10. This was the standard railroad bearing metal in that 
country for many years. In 1892, Dr. C. B. Dudley, chief chemist for 
the Pennsylvania railroad, published the results of a long series of 
tests on actual bearings in service, which showed that the rate of wear 
and the tendency to overheat diminished with the increase of the 
lead content, and increased as the tin eontent increased, He produced 
Ex. B metal, composition Cu, 77; Pb, 15; Sn, 8, but could not obtain 
alloys having a higher lead content in a state of uniform distribution, 
This Ex. B metal became the standard bearing metal on the Pennsyl- 
vania Railroad, replacing their Standard S, which was the same as 
Dick's Bronze. i 

In 1900, a patent was granted to G. H. Clamer and J. G. Hendrick- 

‘gon. for a series of lead bronzes containing over 20 per cent lead and 
less than 7 per cent tin. Their invention was based on a scientific 
knowledge of the properties of copper-tin alloys. Previous investi- 
gators, workers in pure science, had determined the melting and the 
freezing points of the copper-tin alloys, showing that if the tin content 
was not over 9 per cent one constituent only crystallized out of the 
molten alloy on freezing, while a.second constituent crystallized out 
before the melt was solid if the tin content was above 9 per cent. Later 
investigators have shown that a single constituent or solid solution 
may be maintained with a tin content up to 16 per cent, but only 
when carefully regulated conditions are maintained. For practical pur- 
poses the transition point is about the 9 per cent tin content. 

Considerable heat was evolved when this second constituent crys- 
tallized and the process required a comparatively long time, increasing 
with the amount of tin up to a tin content of 21 per cent. Due to this 
secondary crystallization, the time of freezing alloys containing over 
9 per cent tin was longer than those containing less, in spite of the 
lower temperature interval over which freezing took place. 

Clamer and Hendrickson’s invention consisted in limiting the ratio 
of tin to copper, to 9 to 91, so that freezing took place quickly and 
trapped the lead before it had a chance to sink through a partially 
solid metal which could not be stirred, 

Other ways were found to make high-lead bronzes, notably the 
method of A. Allan. The patent controversy. between Allan and Clamer 
is given in the abstracts. 
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Allan’s method involves the use of sulfur which diminishes the 
temperature range in which molten lead and copper are immiscible, 
so that segregation difficulties are less aggravated by segregation in 
the liquid state. In all probability the knowledge of the effect of sulfur 
was arrived at accidentally, and not through the results of scientific 
investigation as in the case of Clamer’s alloys. 

The lead bronzes now find wide applications on the railroads and 
in stationary machinery where they stand up under severe conditions. 
Specifications for six standard lead-bronzes were drawn up by the 
American Society for Testing Materials in 1921. These alloys are being 
used in the automotive industry. 


Tyrrs orf BEARING METALS. 


Three types of bearing metals have been selected for discussion in 
these chapters. The White Metals, the Bronzes, and the Graphite 
Bearing Metals. 


Wautre METALs. 


The term “white metal” refers, in this volume, to the white base- 
metal alloys of low melting point. This term originated before alumi- 
num alloys became common, and is not applied to them. The term, . 
therefore, shall be understood to refer to the tin-base, the lead-base, 
and the comparatively new alloys of lead with alkali and alkaline 
earth metals. 

. The general requirements of a white metal for bearing purposes 
were stated in a lecture by R. T. Rolfe before the North East Coast 
Section of the British Institute of Metals in 1926, as follows: 

“Tt should give good adhesion to the shell. (if not a film of oil of 
low conductivity will be formed between shell and bearing, leading 
to overheating). It should have high compressive strength at working 
temperatures, good wearing qualities, low coefficient of friction, and 
finally sufficient plasticity to compensate for any inequalities of 
alignment.” 

The ordinary white hearing metals are essentially alloys of lead, 
tin, antimony, and copper. Either lead or tin is usually the major 
constituent, The high tin alloys are superior mechanically but are 
more expensive. Tin and lead harden each other somewhat, but straight 
lead-tin alloys are not suitable for bearing metals. The addition of 
antimony causes a large increase in the hardness of both of these 
metals and their alloys. 
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Not all of the alloys of this system are suitable for use as bearing 
metals. Those containing over 25 per cent antimony are too hard and 
brittle, and those containing less than 5 per cent antimony are too 
soft and yielding, A measure of the plasticity—that is the ability ‘of 
the bearing metal to adjust itself to the contour or alignment of the 
journal—is shown by the amount which a specimen of the alloy may 
be compressed before cracking, 

The tables in the back of this volume give the composition and 
properties of white bearing metals, particularly those of the American 
Society for Testing Materials, and of German Industrial Standards 
(D. I. N.) standard alloys. 

The applications of some of these alloys are also given. Many of 
them contain copper, in addition to lead, tin and antimony. The copper 
is added primarily to prevent segregation, though it also improves the 
mechanical properties somewhat by stiffening the ground-mass. If 
no copper is present, the first constituent to crystallize out of the 
molten alloy on cooling is the compound SbSn, which forms cubical 
crystals lighter than the liquid from which they segregate. These 
crystals consequently rise and segregate, unless special precautions 
are taken. If more than 1 or 2 per cent of copper is present, the first 
constituent to crystallize is a copper-rich one, containing Cu and Sn 
in the tin-base alloys, and the compound Cu.Sb in the lead-base ones. 
Both of these constituents crystallize as needles and form an inter- 
locking network which entraps the subsequently formed cubes of 
the SnSb compound and prevents them from rising, 

Alloys containing less than 10 per cent tin should contain very little 
copper. The specifications of the American Society for Testing Mate- 
rials limit the amount of copper in such alloys to 0.5 per cent, while 
in the German Industrial Standards (D. I. N.) alloys the copper con- 
tent of those containing 10 per cent tin or less is set, between 1 and 2 
per cent. Experiments at the Chicago Bearing Metal Company showed 
that “the addition of only a few tenths of a per cent of copper to such 
an alloy as Pb, 82-84; Sb, 9-11; Sn, 6-8 will cause it to froth on pouring 
at any temperature below 482° C. Most of the copper may be removed 
from such an alloy by sweating.” These alloys, according to Bauer, 
have very little tendency to segregate anyway, therefore the copper 
is not necessary for its prevention. 

There is some difference of opinion as to the proper pouring tem- 
perature. It will vary somewhat with the wall thickness of the casting 
to be made, and the temperature of the mold, The general rule for 
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pouring these alloys is to pour at the lowest temperature at which the 
metal will completely fill the mold. Mr. E. R. Darby has shown that 
the lead-base alloys maintain their fluidity almost down to their melt- 
ing points, while the tin-base alloys lose fluidity some 100°-150° C. 
above their melting points. Darby’s fluidity measurements showed that 
the pouring temperatures given by the American Society for Testing 
Materials for the standard white-metal bearing alloys, while lying 
near the points of maximum fluidity in some cases were considerably 
too low in other cases. This was especially true of Alloy No. 5, com- 
position Sn, 65; Pb, 18; Sb, 15; Cu, 2; for which Darby found the 
lowest permissible pouring temperature to be 500° C., instead of the 
specified temperature of 366° C. Pouring temperatures of the American 
Society for Testing Materials lead-base white metals lie between 325° 
and 375° C., while pouring temperatures of the tin-base metals lie 
between 440° and 500° C. Czochralski and Welter give 400° C. as the 
pouring temperature both of Sn, 80; Sb, 15; Cu, 5; and Pb, 80; Sb, 15; 
Sn, 5. 

The advantages and disadvantages of the lead-base and tin-base 
white metals may be stated briefly as follows: The tin-base alloys 
are superior mechanically, those containing about 80 per cent tin pos- 
sessing maximum strength and hardness (compressive strength about 
20,000 pounds per square inch; Brinell hardness about 28). The lead- 
base alloys are much softer and less strong (compressive strength 
13,000-15,000 pounds per square inch, Brinell hardness 15-20). Since 
the high price of tin increases the cost of the tin-base alloys, for many 
purposes, advantage is not taken of their better properties as it is 
more economical to use a lead-base alloy if the design permits. How- 
ever, where economy of space and weight are essential, as in aircraft 
engines, the tin-base alloys will continue to be used, as the same load 
capacity can be obtained with smaller bearings. Another disadvantage, 
as mentioned above, is their low fluidity near the melting point which 
makes it necessary to pour them at temperatures of about 100°-150° 
©. (180°-270° F.) higher, at least for thin linings, in spite of the fact 
that they melt at about the same temperatures as the lead-base alloys. 

White metals made wholly or partly from scrap metal often con- 
‘tain impurities, the most harmful of which are zinc and aluminum; 
the amount of these impurities is limited to zero in the American 
Society for Testing Materials specifications for white metals. Other 
impurities are iron, arsenic, and phosphorus. The purification of bear- 
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ing metals and reclamation from scrap is well described in papers by 
E. R. Thews. 

“In view of the high price of tin, and the difficulty of obtaining it 
at times, a condition that faced the United States during the War, 
much work has been done to discover alloying ingredients to improve 
the properties of the lead-base alloys. 

These new alloys consist of lead hardened by the addition of small 
amounts of alkali and alkaline earth metals, In this connection it was 
discovered that a small amount of sodium gave the same hardness 
as a much larger amount of antimony, Literature references show that 
an alloy containing 0.5-4 per cent sodium “Noheet” was patented in 
1905. It had satisfactory properties as a bearing metal, but it was 
subject to atmospheric corrosion. 

In 1915, in the United States, Frary and Temple invented a series 
of alloys of lead hardened with small amounts of the alkaline earth 
metals. Some of these such as “Ulco Metal” or “Frary Metal” were 
found suitable for bearing linings. Similar alloys known as Mathesius 
metal and Lurgi Lagermetall were developed in Germany about the 
same time by Walter and Hans Mathesius; these have been covered 
by patents in the United States. Lurgi was the standard lining metal 
on the German railroads for some time, but it has been succeeded by 
Bahnmetali whose resistance to atmospheric corrosion is greater owing 
to the addition of 0.05 per cent lithium. This alloy is covered by the 
patents of G. Welter, assigned to Metallbank and Metallurgische 
Gesellschaft, which company also holds the patents for the Mathesius 
and Lurgi metals, 

Two lines have been followed in the attempt to improve the prop- 
erties of the lead-base alloys, namely, 

1. Improving the strength of the soft lead-rich matrix by adding 
a substance which forms a solid solution with it, and 

2. Increasing the strength of the other constituents embedded in 
the lead-rich matrix, or even finding new and better hard constituents, 

The first method is exemplified by Thermit bearing metal, in which 
the matrix of a bearing metal containing 72-78 per cent lead is 
strengthened by the addition of 0.7-1.5 per cent nickel and 0.7-1.5 per 
cent cadmium. The compressive strength of this alloy is 25,600 pounds 
per square inch, and the Brinell hardness 29, so that it is somewhat 
superior mechanically even to the high-tin alloys. 

The second method is exemplified by the lead-alkali and lead- 
alkaline-earth-metal alloys. Here new hard constituents are formed 


HISTORY 21 


which are intermetallic compounds of lead with the added metals. 
The best example of this type is probably Bahnmetall which, as men- 
tioned above, is a standard lining metal today on the German National 
Railroads. It has a compressive strength of 25,000 to 30,000 pounds 
per square inch, and a Brinell hardness of 34. The hardness, which is 
high for a lead alloy containing such small proportions of alloying 
ingredients, is accompanied by a good degree of plasticity. The metal 
may be compressed 28 per cent without cracking (cylindrical speci- 
mens), Bahnmetall contains 0.73 calcium, 0.04 per cent lithium, and 
0.58 per cent sodium; the balance is lead. 

Satisfactory bearing metals can be produced from lead-alkaline- 
earth-metal alloys without using tin, and the small amounts of alloying 
ingredients required add little to the cost. However, these alloys require 
special methods of manufacture and suffer loss of their alloying con- 
stituents on remelting which is a disadvantage. The pouring tempera- 
ture of these alloys is high, 500° C-600° C, and most of them are more 
or less susceptible to atmospheric corrosion, although this fault is said 
to have been eliminated in Bahnmetall by the addition of the small 
amount of lithium mentioned. While linings can be cast of these metals 
in bearing metal foundries properly equipped, making them up from 
their components is a special problem. This is usually accomplished 
by electrolysis of a mixture of fused alkali and alkaline earth salts, 
using a molten lead cathode. 

When the hardened lead is once installed as a bearmg it usually 
gives excellent service. There is some difficulty in handling the alloy, 
however. Some of its properties resemble those of lead; namely, in 
the tendency of lead to give comparatively high shrinkage in changing 
from the liquid to the solid state, and in the comparatively poor 
adhering properties of lead for copper and iron. In shop practice there 
is some difficulty experienced in the use of these alloys, The lead- 
barium-calcitum alloys are very subject to oxidation by dross- 
ing, tending to lose some of the hardening elements; namely, barium 
and calcium. However, this tendency of excessive drossing has been 
largely overcome by the addition of very small amounts of other 
elements. 

BRONZES. 


Under some conditions soft metal linings are not always. suitable 
and bearings are made entirely from some kind of bronze, or, in some 
cases, of cast iron, wood, or other materials. Even where bronze is 
used on top of cast iron, as in a die-cast liner or bushing, it is not 
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spoken of as a lining metal. Most bronzes uscd today for bearing 
metals contain considerable amounts of lead to give them that degree 
of plasticity which will compensate for a slight want of fit or align- 
ment of the bearing. Lead-containing bronzes are also used for sup- 
porting whitc-metal linings when a somewhat plastic backing metal 
is desired. For instance, red brass containing lead is used as the stand- 
ard backing metal for Bahnmetall or other white metal on the German 
National Railroads. Where accurate fit and alignment can be main- 
tained, it is permissible to use lead-free bronzes, usually phosphor 
bronzes. These are strong, very hard, and have a low coefficient of 
friction. They will wear rapidly, however, and will overheat and score 
the shaft if poorly fitted or if the supply of lubricant fails. 

The properties of bronze bearing metals are given in Tables 2-4 at 
the end of this volume, also the specific applications of these in rail- 
road service. 

The ordinary bronzes consist of a copper-rich solid solution with 
tin, in which is suspended the so-called “delta” constituent—a hard 
compound of 21 per cent tin. If more phosphorus is present than 
needed to deoxidize the metal, the compound Cu,P may be present. 
Both this compound and the delta constituent are harder than soft 
steel, therefore care must be taken not to use too soft steel journals 
against bronze. Also, if the metal has been burnt in founding, crystals 
of tin oxide—one of the hardest substances met with in alloys—will 
be present, and these always score the journal. 

The lead-bronzes contain lead held mechanically in a matrix of 
tin-bronze, very little of the lead being in solid solution. Some recent - 
work at the Bureau of Standards indicates that the following results 
are applicable to bronzes with tin and lead: 

“1. Alloys containing less than 4 per cent tin and 4 per cent lead 
have very high wear rates, An increase in either tin or lead over this 
amount decreases the wear rate. The rate of this decrease is slow with 
increases in tin or lead over 7 per cent. 

“2, Alloys with high tin and low lead have high friction. As lead is 
increased or tin decreased or both, the friction becomes progressively 
less. 

“3, Alloys with less than 4 per cent lead develop rough wearing 
surfaces in unlubricated wear. Alloys high in tin develop rougher 
surfaces than those low in tin, An increase in lead or decrease in tin 
results in progressively smoother surfaces. 

“4, Resistance to pounding is governed by the ratio of tin to copper. 
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The higher the ratio of tin to copper the better the resistance to pound- 
ing. Increase in resistance to pounding may be obtained by increasing 
lead as when copper is redueed the ratio of tin to eopper increases. 

“5. Increase in cither tin or lead decreases the toughness. The 
effect of lead is a gradual decrease while the effect of tin is gradual 
up to about eight per cent. When the tin is increased over eight per 
cent the alloys become very brittle. 

“6, Hardness—The hardness of the alloys is largely effected by tin 
content and very slightly by lead content. Hardness is not a measure 
of resistance to pounding.” 

The lead-bronzes, like all mechanical mixtures of two metals hav- 
ing different specific gravities and different melting points, are liable 
to segregation. This is further aggravated by the fact that copper and 
lead are immiscible in the liquid state unless the temperature is con- 
siderably above the melting point. The addition of sulfur diminishes 
the range of immiscibility and thus aids in the prevention of liquation. 
Clamer’s method of preventing segregation by limiting the ratio of tin 
to copper is described above. R. E. Lee and F. B. Trace investigated 
the phenomena of segregation in the high-lead bronzes and the results 
they obtained are given in the abstracts. 


GRAPHITE BEARING METALS. 


The graphite bearing metals are, in fact, bronzes or white metals 
mixed with graphite, the latter being a material possessing negligible 
strength and usually classed as a lubricant. The graphite in an alloy 
is held mechanically in a state of fine dispersion. Its function is to 
absorb the lubricant in relatively large quantities. Therefore, graphite- 
bronze bearings frequently do not need lubrication for a long time. 
This is a decided advantage in enclosed machinery, such as motors. 

The graphite may be incorporated in the molten alloy under pres- 
sure, as in the case of Graphalloy, or by sintering the partially reduced 
oxides of the metallic constituents with graphite under high pressure as 
in Genelite. A similar alloy is Durex. 

Most of the graphite alloys are porous, serving to hold the lubri- 
cant as noted above, or, in some cases, so porous that the lubricant 
may be supplied through the bearing metal itself by capillarity. 
Porosity, however, is accompanied by mechanical weakness, so that 
the alloys serve only as small bushings or linings.* 


* Porosity may also be secured by using other porous materials than graphite, 
such as small stones. 
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TYPES or BEARINGS. 


There are two basic types of bearings, namely sliding contact bear- 
ings and roller contact bearings. Hach type is divided according to the 
manner in which it takes the load into (a) radial bearings, where the 
bearing opposes forces applied perpendicular to the axis of the cylin- 
drical shaft; (b) thrust bearings which take loads parallel to the axis 
of the shaft, ie. end thrusts; and (c) angular contact bearings which 
take both kinds of loads. 

Sliding contact bearings may be either plain bearings, in which the 
bearing surface is continuous except for oil grooves, or pivoted-block 
bearings such as the Kingsbury and Michell, which are used almost 
exclusively today for taking large end-thrusts. In the case of sliding 
contact bearings, bending stresses in the shaft must be taken care of 
by plasticity of the bearing metal, or by making the whole bearing 
self aligning. 

Roller contact bearings may be either ball or roller bearings, the 
latter using either cylindrical or tapered rollers. Ball bearings are now 
made which allow quite a large departure from alignment. 


Factors DectwoiInc Cuorcr or Trp. 


The first cost of rolling contact bearings is for the most part 
greater than that of the sliding-contact. bearings to which they are 
equivalent, as they: are usually made of high grade alloy steels, The 
operations of forming, machining, and heat treating these are expensive. 

The pivoted block types of sliding contact bearings are naturally 
more expensive than plain ones of the same size, but they can carry a 
load many times as great and carry it more reliably. 

Sliding contact bearings are made of a great variety of materials 
with corresponding variations in cost. In white-metal bearings, the 
cost is determined largely by the amount of tin in the composition. 

The prospective user will do well to consider carefully the use to 
which bearings will be subjected before making a selection. 


Bearina DESIGN, 


As the object of a bearing is to eliminate as far as possible friction 
between two moving surfaces in contact with each other, bearing design 
is of major importance to the engineer, When designing bearings one - 
myst consider the materials in the bearing itself, the material of the 
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shaft, in the case of journal bearings, and finally the lubricant which 
tends to reduce the friction. Reduction to a minimum of the following 
economic losses depends on the proper design of bearings, and on the 
choice of materials and lubricants: 


1. Loss of Power. The greater the bearing friction, the greater the 
amount of energy converted into heat, which raises the temperature 
of the machine, or part, disastrously if not carried away faster than 
it is developed. 

2. Wear. The operation of the machinery is accompanied by wear 
of the bearing surfaces in two ways: 

(a) Uniform wear which can be compensated for by adjusting the 
bearing from time to time, or 

(b) Scoring, which necessitates machining of worn parts, and in 
many instances replacement of the damaged part. Seizing, which may 
be described as an aggravated case of scoring, is a welding together 
of the metal surfaces, which of course necessitates replacement, 

Wear involves not only the loss of the metal itself, but the cost 
of the labor employed in constructing the bearing, because it becomes 
worthless and must be discarded or repaired before a large portion of 
it is worn away. Excessive wear results in a general depreciation in 
the value of the machine, because loose bearings, if not taken up, lead 
‘to excessive vibration or pounding. The loosened bearings may frac- 
ture themselves or other parts of the machine. Rapid wear results in 
high maintenance costs. 

3. Consumption of Lubricant. Even when eireulation is provided 
for the lubricant, there is waste either by leakage or evaporation, or by 
chemical and physical changes which take place in the lubricant, thus 
gradually unfitting it for further use. 

The first step in designing a bearing is to determine what overall . 
dimensions are required to support the load under the conditions of 
operation of the machine. The projected area of the bearing must be 
great enough to: . 

(a) Prevent the bearing metal from flowing out under the load, and 

(b) Maintain fluid lubrication under operating conditions. 

The first requisite depends on the mechanical strength of the bear- 
ing metal, its frictional and wearing qualities, as well as on the 
accuracy of alignment and fit which it is possible to obtain in con- 
structing the machine, while the maintenance of fluid lubrication 
depends on the distribution of the lubricant in the bearing and the 
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correct design of the oil grooves. Such design should be based on a 
knowledge of the distribution of pressure within the bearing. 

Incorrectly designed grooves are much worse than none at all, and 
may prevent the establishment of fiuid lubrication under any condi- 
tions. The points of entrance of the oil should be so located that oil 
is drawn into the bearing by the rotating shaft; that is, from regions 
of low to those of high pressure. Sharp-edged grooves are to be avoided 
as they tend to break the oil film. Grooves should not extend to the 
ends of the bearing, as they would not allow pressure to be built up 
in the oil film, 

No detailed directions for the design of oil grooves can be given 
here, and the reader should study the practice of reliable machine 
builders. The practice of the Westinghouse Machine Co. is given by 
figures and a table in Marks Mcchanical Engineers’ Handbook. 


BEARING TROUBLES AND FAILURES, 


Bearing troubles and failures may be traced to one or more of the 
following causes: faulty design of bearing, materials unsuited for the 
service, improper lubrication, and incorrect methods of manufacture. 

Faulty Design, The design of bearings is interconnected with the 
design of the machine as a whole. Thus if flexure of a shaft occurs,. 
either the shaft must be made stiffer, or the bearing made self-aligning. 
If flexural stresses occur in a shaft that is not stiff enough, and the 
. bearings are not self-aligning, fracture of the bearing lining or of the 
shaft itself may take place, if the bearing is too heavy and rigid. On 
the other hand, if lighter bearings are used, excessive flexure may 
occur, resulting in destruction of the bearing or damage to other parts 
of the machine. For instance, flexure of a shaft carrying gears may 
lead to uneven wear and breakage of the teeth. Rapidly altemating 
stresses may cause the loosening of linings in bearings which are not 
rigid enough, even when the maximum value of the stress is below the 
yield point of the material. The choice of the dimensions of the shaft 
or journal is just as important as that of the bearing, and the two 
must be considered together, because if the shaft is too small for the 
load no bearing will give good service. The effect of fatigue is espe- 
cially to be guarded against in designing bearings, on which the load 
varies in amount or direction, 

Overheating of a bearing may be caused by too small clearance 
resulting in friction, or imperfect distribution of the lubricant. On the 
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other hand, there may be too great a clearance with consequent failure 
to maintain fluid lubrication. While satisfactory dimensions and clear- 
ances for bearings can be found in standard engineering handbooks, 
so that bearings as built generally give satisfactory service unless of 
unusual design, the clearance may be allowed to wear too great in 
gervice, or it may be too small when the bearing is refitted, with 
equally disastrous results. 

Bearing design is sometimes faulty as to the point of entrance of 
the oil and as to grooving. The pressure in an oil film may be many 
times that of any oil supply system, therefore bearings in which the 
oil entrance is at a region of high pressure will fail to give good service. 
In such bearings, a fluid film cannot be built up, and the bearing then 
operates under conditions of partial lubrication. The oil grooves may 
be so constructed in bearings that regions of high and low pressure are 
connected and the pressure difference otherwise possible cannot be 
built up. Grooves with sharp leading edges are undesirable in that they 
tend to break the film, especially under conditions of thin film lubrica- 
tion, Oil rings sometimes fail to deliver the necessary amount of lubri- 
cant and overheating follows. 

Unsuitable Materials. The bearing as a whole must be strong 
enough to support the load and any bending stresses in the shaft, as 
well as to prevent the bearing metal from cracking or flowing out under 
the maximum pressure in the bearing, due to the load on the shaft. 

Bearing metals may give poor service because of unsatisfactory 
wearing qualities. These qualities depend on the properties of the 
several constituents, and may be greatly affected by small amounts 
of impurities. More actual information on this subject is needed, 
however. 

Lubrication. Many bearing troubles are caused by the unsuitability 
or the deterioration of the lubricant. The lubricant chosen should be 
one which will give good service under conditions of partial as well 
as perfect fluid lubrication. New oils should be watched carefully in 
service, and changed when signs of faulty lubrication appear. Oxida- 
tion is one of the chief causes of deterioration of oils, though there is 
evidence indicating that some oxidation is necessary. In automobile 
engines, oil may become diluted with gasoline, or contammated with 
carbon. In turbines, emulsification of the oil with water is the greatest 
danger. 

Incorrect Methods of Manufacture. Many bearing troubles are due 
to the metal being improperly cast or treated improperly after it has 
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been cast. White metals cast at too high temperatures, and too slowly 
cooled, have a coarse-grained structure and are unsuitable for bearing 
metals. On the other hand, if they are too rapidly cooled and quenched 
as soon as solid, they will be too fine grained for bearing metals. Lead~ 
bronzes, however, must be cast at rather high temperatures to prevent 
segregation. 

When bearings are lined with white metal it is desirable that the 
backs should be heated to avoid shrinkage strains due to unequal 
contraction of the two metals after the lining becomes solid, because 
such internal stresses may cause the lining to crack in service. Once 
the lining is loosened from the back, oil creeps through the apertures, 
As oil is a poor conductor of heat the temperature in the bearing may 
rise to a dangerous point. If the lining cracks, the pressure of the oil 
may be instrumental in loosening it, if the oil connects with spaces 
between the lining and the back. 

Oxidation of bearing metals in the molten state is always to be 
avoided, as some of the products of oxidation are particularly deleteri- 
ous. The worst of these is tin oxide, which may occur as diamond 
shaped crystals in both bronzes and white metals. It is extremely hard 
and will score a hardened steel journal. l 


TesTING BEARING METALS AND BEARINGS. 


Static Tests. The static mechanical tests that are of importance 
in testing bearing metals are (1) the compression test, (2) the hardness 
test, and (3) the transverse bending test. The tensile test is of sligbt 
importance, as bearing metals are rarely under tension in service but 
may þe useful for comparison. 

Compression Test, In compression tests the size and form of the 
specimen are of importance. As many non-ferrous metals have no well 
defined elastic limit and yield point, nor do they always fail by shear- 
ing off or cracking, it is necessary to give arbitrary definitions of 
elastic limit, yield point and ultimate compressive strength. It will be 
best to use the definitions given by the American Society for Testing 
Materials in the results of their tests on white metals, and also to use 
specimens of the same dimensions. The per cent compression under 
some definite load, or at the beginning of cracking is also sometimes 
of value. 

Hardness Tests. Practically the only hardness test of value for 
bearing metals is the Brinell or some modification thereof. The mixture 
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of hard and soft erystals of which some bearing metals are composed 
is too coarse-grained for the scleroscope to give good results. Some 
work lias been done on instruments designed to measure the hardness 
of the individual constituents, such as the Bierbaum microcharacter. 
Such instruments require a carefully shaped edge or point to give 
consistent results. With the microcharacter, results were variable, and 
those obtained by different observers showed rather marked variations. 
Some such scratch test, however, would be desirable to find out if the 
alloy contained any constituents that were harder than the steel of 
the journal. The hardness measured by the Brinell instrument tells 
nothing about the scratching quality of the different constituents, but, 
rather, its resistance to deformation. The Brinell test will probably 
take the place of the compression test in routine testing of bearing 
alloys, as it is much easier and quicker to carry out. 

Transverse Bending Tests. The transverse bending test is of im- 
portance in bearings which may be eccentrically loaded. This is the 
only case in which part of the bearing metal is under tension. Where 
such tests have been conducted in this country they have usually been 
made on the complete bearing to see how it stands up as a whole. In 
some parts of Germany, however, it has been the practice to make 
transverse bending tests on bars of the bearing metal itself, 

Dynamic Tests. In dynamic tests the material is subjected to 
varying loads or to impact. While bearing metals are actually sub- 
jected to such loads in service, particularly in automotive and railroad 
service, little has been done to develop methods of testing under these 
conditions, The results obtained with dynamic tests depend greatly on 
the machine and type of specimen used and results of experiments by 
different methods are not often comparable, The greater part of this 
work to date has been on steels. 

Fatigue Tests. The resistance to rapidly alternating stresses, that is 
the fatigue resistance, is a property which has been almost entirely 
neglected in bearing métals. One fatigue test of importance is the 
fatigue bending test applied to the complete bearing. This is of im- 
portance in automotive engine bearings, particularly aircraft engines, 
in which the linings sometimes fail because of repeated flexing of a 
back which is not rigid enough. 

In fatigue tests, the stresses are usually below the yield point, and 
the endurance limit is of the order of magnitude of the elastic limit. 
To give an idea of the resistance of a metal under such conditions, 
impact fatigue tests are valuable. The specimens are subjected to the 
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impact of a definite weight falling always through the same height. 
The impact fatigue number is the number of blows required to fracture 
or to deform a fixed amount. This information is of importance in 
railroad service, where flat wheels and consequent pounding are likely 
to occur. Under such conditions, it is desirable that the bearing shall 
last until the car can reach a shop. A metal which eracks up or pounds 
out after a few blows is worthless. The type of specimen and kinetic 
energy of the blow are entirely arbitrary and each user must choose 
them to suit his product. This test, however, will be of value in detect- 
ing poor material in the course of routine testing. 

Notch-bar Tests. The notch-bar impact test, in which a notched 
specimen is fractured at a single blow, is not so applicable to bearing 
metals, as they are not exposed to such conditions in service. Most 
of the bearings have oil grooves, however, which produce some “notch 
effect.’ The conditions in bearings would be duplicated perhaps by 
repeated impact tests on a notched specimen. The energy of the blows 
being much less than that necessary to fracture the specimen at a 
single blow. 

Wear Tests. Wear tests have not yet been standardized, and such 
laboratory wear tests as do exist may not always apply to service con- 
ditions, However, the recent work at the Bureau of Standards offers 
much encouragement along these lines. 

The mechanism of wear will have to be better understood before 
standard tests can he established, and “wear” given a standard defini- 
tion. It is often defined as “any deterioration of the bearing metal due 
to service, including even cracking.” In ‘‘wear tests” as generally car- 
ried out, the “wear” is a combination of actual wearing away of the 
metal and distortion. In some tests the bearing metal is rubbed with 
a steel dise or journal, no non-metallic abrasive being present, and 
the loss in weight is determined. This loss ig considered a measure 
of wear. 

The recent work on testing of bearing metals at the Bureau of 
Standards, which has been reported in the proceedings of the American 
Society for Testing Materials, and in the Journal of Research of the 
Bureau of Standards in 1928 and 1929, covers a period of several years 
and indicates the development of a rather satisfactory testing tech- 
nique with the object of finding reasons for the wide variations in the 
specifications of different railroads and automobile companies, for 
bearings for similar conditions of service. 

The direct result of this work has been to arouse the interest of 
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industrial organizations and technical societies in bearings and bear- 
ing metals, While the tests used are not perfect, nevertheless, sufficient 
agreement has been secured to make some valuable comparisons. 
This is partly due to the fact that the Amsler wear tests employed 
were made principally on dry specimens which did not heat even when 
run at high pressures because the test pieces were in the shape of discs 
having only a line contact. It was possible under the conditions to 
run a large number of tests in a reasonable time, and they showed 
sufficient agreement with different operators at different times to 
demonstrate their value. 

The literature does not disclose elsewhere a similarly good result. 
Therefore, it would seem that a distinct advance had been made in 
the testing of bearing metals by the workers at the Bureau of Stand- 
ards. Questions will arise naturally as to the practicability of a dry 
test, but when it is considered as one of a series of tests, and not as 
the final word, its value cannot be doubted. 

With standardized testing technique it becomes possible to deter- 
mine with some accuracy the effect of small quantities of other metals 
in the main alloy, thus pointing the way to proper specifications and 
commercial standards. 

Several bearing testing machines have been designed which simu- 
late the actual conditions in a bearing. These operate by hanging the 
bearing on a revolving shaft and weighting it down by means of a 
pendulum on which weights are suspended. As the shaft is revolved the 
frietion or the torque is determined by the angle at which the pen- 
dulum swings while the shaft is revolving. In such machines the bear- 
ings are always lubricated, and the wear of the bearing metals is 
determined by the loss in weight. At first glance one might think that 
reliable results could be obtained from such a machine simulating 
actual conditions. As a matter of fact, results obtained have been very 
erratic and unreliable in many instances, due in all probability to the 
fact that the area of contact was continually changing as the bearing 
metal wore, and also that the lubricant used was an important factor 
in the ultimate result. If such a machine is run without lubricant the 
temperature rise would be very great, but with an Amsler machine 
which operates with a line contact, pressure several times above that 
found in practice can be employed easily without any heating of the 
specimen whatever. 

Important results such as those of Dudley on lead-bronzes, have 
been obtained from the wear of bearing metals in service, the reports 
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of the frequency of lot-boxes, ctc. Owing to varying conditions of 
maintenance, however, only rough average values can be obtained 
from such records. These are valuable in that they give an idea of the 
reliability of the bearing type and bearing metal in actual service. 
Information of this character may be obtained from the so-called 
accelerated service tests in which bearings are run under extreme con- 
ditions of load, speed, or temperature, corresponding to conditions of 
overload or improper maintenance. 


LUBRICATION. 


The mechanism of lubrication has been studied by many author- 
ities; one of the clearest expositions found by the author is embodied 
in an article by Dr. Paul Cuypers. Because of the importance of this 
article, the author has drawn liberally from those portions describing 
the fundamental principles of lubrication. 

For a long time friction was ascribed to uncvenness of the surfaces 
which touched. Projections interlocked and thus offered a resistance 
to the relative motion of the surfaces, Nevertheless it has been shown 
that when these projections have been polished to almost absolute 
flatness the friction is still great enough to cause a quick wearing 
away of the surfaces. We are, therefore, forced to the assumption that 
the unevenness of the surfaces cannot be the only cause of friction, 
and we have to investigate the inner molecular differences themselves 
for the further cause of friction. 

According to the modern scientific conception, friction depends in 
all cases on an interaction but not on an interlocking of the roughness 
of the surfaces, but above all on an intcrlocking of the heterogeneous 
electro-magnetic fields of force which radiate from the surfaces. But 
if this is the nature of friction, it logically follows further that a de- 
crease in friction can only be reached by diminishing, in some way or 
another, this interlocking of the electro-magnetic fields of force. This 
is exactly the task of the lubricant which we bring between the rubbing 
surfaces. 

There are two types of lubrication: (1) thick-film (complete lubri- 
cation), (2) thin-film (incomplete lubrication). 

Thick-film Lubrication, With complete or thick-film lubrication 
the lubricating film is so thick that the new friction takes place en- 
tirely within the lubricant, at a distance from both rubbing surfaces, 
outside the reach of the fields of force radiating from the surfaces, We 
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understand that in this case the kind and intensity of the two fields 
of force is entirely without significance, because the thickness of the 
lubricating film does not permit an interlocking of the fields of force. 

In order to maintain a thick film of any fluid lubricant it is 
necessary, in general, for the bearing surfaces to be inclined to one 
another at a slight angle. This permits the formation of a wedge of the 
lubricant, which tends to separate the bearing surfaces and thus serves 
to support the load. If the surfaces are parallel or inclined the wrong 
way this wedging action is lost and the main body of the lubricant 
escapes. 

The load-carrying action of a wedge-shaped oil film is similar to 
that of the air directly under the wing of an airplane in flight. In 
each case a fluid pressure is developed on the under side of the inclined 
surface purely as a consequence of the relative motion. On the upper 
surface of the airplane wing, and on certain portions of the lubricated 
bearing surface, negative pressures are also developed, and it is simply 
the resultant of all these positive and negative fluid pressures that sup- 
ports the load. 

Besides having the proper inclination of bearing surfaces, a second 
prerequisite to insure the maintenance of a thick film is obviously that 
of having an adequate supply of lubricant in immediate contact with 
the moving surface. 

The only property of a fluid lubricant which can appreciably influ- 
ence its mechanical action in thick film lubrication is its viscosity. We 
refer to its viscosity at the true temperature of the film, not at the 
room temperature or at some arbitrary standard temperature. The 
chemical composition of such a lubricant has no influence on the result 
except indirectly through changes that may occur in its viscosity. 

The nature of the bearing metal can have no direct influence in 
thick film lubrication provided the oil actually wets the metal. 

Thin-film Lubrication. Any machine at the moment of starting or 
stopping or reversing its direction passes through zero speed and 
thereby fails to meet one of the requirements for the maintenance of a 
thick film. Bearing surfaces that are too heavily loaded on small areas 
cannot support a thick film; gear teeth and cutting tools, for example. 
Parallel surfaces like the ways of a planer and the rubbing surfaces of 
-a piston and cylinder cannot in general be expected to maintain a thick 
film, although they may do so momentarily. 

During the starting interval such as mentioned above there is a 
condition during which, if the speed of the shaft is increased, the coeff- 
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cient of friction becomes progressively less until a minimum point is 
reached. Beyond this minimum point any increased speed results in 
an increased coefficient of friction which is a function of the speed of 
the shaft. 

This transition from a decreasing to an increasing coefficient of 
friction is the dividing line between two recognized types of lubri- 
cation. 

During the period of decreasing coefficient of friction thin-film 
lubrication prevails and the bearing metal and the oiliness of .the 
lubricant play an important part. As the coefficient of friction increases 
these factors disappear as complete lubrication (known as thick- film 
lubrication) is obtained, 

In heavy machinery the effect of the speed is to center the journal 
in the bearing, so that it is surrounded with a uniformly thick lubri- 
cating film. In fine mechanisms, where the plane in which friction 
takes place is not far enough removed from the rubbing surfaces to be 
completely outside the influence of their fields of force, the case of 
so-called incomplete-film lubrication is the rule. 

Thin-film lubrication depends on some unknown factor or group 
of factors collectively known as the property of oiliness. 

Oiliness of a lubricant is defined by Herschel as the property which 
causes two lubricants of like viscosity, at the temperature of the lubri- 
eating film, to give different frictions when used under the same con- 
ditions. Generally speaking, lubricants of high oiliness adhere to the 
bearing surface with greater force than lubricants of low oiliness. 
Recent; tests of, oiliness have disclosed the fact that à lubricant may 
not have the same oiliness when tested in conjunction with different 
bearing metals. 

With incomplete-film lubrication, the lubricant will better fulfill 
its function of decreasing friction the better it is in position to neu- 
tralize the fields of force radiating from the solid surfaces, and to 
eliminate them as a factor causing friction. For this purpose, in the 
first place, it is necessary to maintain a continuous film of oil, be it 
ever so thin, to cover the solid surfaces and offer sufficient resistance 
. to the tangential forces tending to destroy the films.. Moreover, the 
molecules of the lubricant can have special properties for reducing fric- 
tion, which further increase the effect of the mere presence of the.oil 
film. The sum of these phenomena which maintain a lubricant film 
under the influences of the solid surfaces, and decrease friction without 
more fluid friction being caused within the lubricant, is. what- Cuypers 
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calls the oiliness of the lubricant, ze, “While with complete film lubri- 
cation the viscosity is the factor which causes a decrease in friction, 
the cause of reduction of friction in the case of incomplete film lubri- 
cation is not the viscosity, but the oiliness of the lubricant.” 

It is the incontrovertible service of Woog to have investigated 
most thoroughly the factors upon which good oiliness depends, and 
to have devised a system to accomplish this. It would lead much too 
far in this place to go further into these most interesting investigations 
of Woog, but according to him the most important factors which deter- 
mine oiliness are: 

1, The mutual keying together of the molecules of the lubricant, 
by which we understand the resistance they oppose to pulling apart, 
insofar as it depends on a single molecule’s having a hold on its neigh- 
boring molecules. For this hold, the size of the molecular volume is of 
predominant significance. The greater the molecular volume of a lubri- 
cant, so.much firmer does it hold even the thinnest film together. 

2, The form and dimensions of the lubricant molecule: we should 
not imagine the molecules as symmetrical, spherical shapes, but as 
more complicated forms showing strong irregularities. An oil film 
which consists of long molecules which stand close together like the 
bristles of a brush is much more resistant to the tendency of rotation 
than is an oil film consisting of molecules more nearly spherical. 

3. The presence of specially active centers of energy in certain 
molecules, which forces them under certain conditions to take on quite 
different positions: especially effective are such centers of energy when 
they are located at the end of the molecule. It appears that the dura- 
bility of the oil film standing in direct contact with the solid surfaces 
will be so much the greater the firmer the lubricant molecules anchor 
themselves to the surfaces. And this anchoring will always be espe- 
cially intensified if the force of attraction due to the metal surfaces 
themselves is strengthened by a special affinity of the lubricant mole- 
cules in which even such active centers of energy orient themselyes 
towards the surfaces. 

_ 4, The fourth factor of oiliness of a lubricant is the elastic stiffness 
. of its molecules. 

The comparison of experimental with practical results is very inter- 
esting. In practice it has always been found and maintained that the 
lubrication action of the fatty oils of animals and plants, is better than 
that of mineral oils. For a long time science, which at first regarded 
the problem of lubrication from the purely physical point of view of 
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fluid friction, has thought this expericnce must be controverted, as 
neither the viscosity, which was at first mentioned, nor the surface 
tension which was later thought to be of significance in regard to the 
lubricating efficacy of an oil, gave any conclusive results in favor of 
the fatty oils. The matter appears differently today. The better lubri- 
eation efficacy of the fatty oils, always maintained in practice, does 
not rest on their viscosity nor on their surface tension (there are 
enough mineral oils which show the same characteristics in these re- 
spects) but in their essentially greater oiliness. 

The fatty oils possess to an extreme all of the factors entering into 
the question of the formation of high oiliness, They have a much 
greater molecular volume than equally viscous mineral ails, their 
form is markedly long—three times as long as wide—and they possess 
in contrast to mineral oils, polar active centers of energy »which act 
to anchor their molecules fast to the rubbing surfaces. On these 
grounds, an adsorbed film of fatty oil is always more resistant than 
an adsorbed film of mineral oil of similar viscosity and therefore the 
effective decrease of friction in so-called half-fluid friction is always 
greater ancl more persistent with lubrication by fatty oils than with 
lubrication by mineral oils. 


Tun EFTECT OF BEARING METALS ON LUBRICANTS, 


Quite unexplained are the effects of the metal parts on the oil! but 
there is no doubt that such effects exist to a considerable extent. They 
may be due to the nature of the metal itself, to the manner of. its 
preparation or to the handling of its surface. As regards the metal 
itself we know at least this much, that certain metals act catalytically 
to accelerate the decomposition of fatty oils. This is especially true of 
copper, zinc, nickel and apparently also antimony and the alloys of 
these metals. Then it is possible that certain methods of finishing 
metals originally inert as, for example, iron, may lead to the formation 
of chemical compounds in the metal which will act especially unfavor- 
ably on fatty oils. Finally, contamination of the surface from handling, 
as in hardening, polishing, ete, may result in chemical combinations. 
For example, neatsfoot oil, whose chemical structure is especially 
favorable might form a viscous soapy mass which would have a brak- 
ing instead of a lubricating effect. 

It has been shown that the addition to mineral oil of one or two 
per cent of such fatty compounds as oleic and stearic acids increases 
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the lubricating properties tremendously. It is therefore important to 
study the action of the bearing metals on a molecule with a high 
molecular value, such as stearic acid, so that the efficacy of the fatty 
acid in the lubricant may not be destroyed. 

Largely because of cost, mineral oil is the common lubricant. It 
has been shawn that the action of one or two per cent of such fatty 
compounds as oleic and stearic acids increases its lubrication power 
tremendously. Therefore, in order to retain this superior quality it is 
essential that we study bearing metals to avoid.the use of those metals 
which will teact in such a way as to destroy these valuable properties, 
thereby deereasing the value of the lubricant. The best lubrication is 
secured by:increasing the durability of the fatty oils by the elimination 
of unsuitable bearing metals and by avoiding any treatment of the 
metals ag:outlined above which has been found by experience to attack 
the sensitive structure of the fatty oil. 

All of which would seem to indicate the tremendous importance of 
the study of bearing metals and their reaction on the lubricant, in 
order to be able to select those that act more favorably under definite 
conditions. 

The recognition of the nature of so-called incomplete-film lubri- 
cation is new, as is the significance of oiliness. The conception of oili- 
ness.is new and also the search for the factors upon which it depends. 
New and interesting is finally the fact that in the phenomena which 
at first glance appear to be purely physical, like the reduction of fric- 
tion, chemical action should be of such predominant importance. 

The information thus far obtained concerning oiliness offers a very 
rich field for further chemical investigations. Until now the problem of 
lubrication has been attacked solely from the side of the lubricant. 
Since, however, in the case of friction in fine mechanisms, the fields of 
force of the rubbing surfaces play such a considerable réle, and these 
are entirely dependent upon the nature and structure of the surface 
molecule, we must in the future turn our attention much more than 
formerly to the material of the rubbing surfaces, and to the affinities 
between certain groups of molecules in the lubricant and the molecules 
of the metal surfaces. In this way alloys will probably be discovered 
which will be better adapted to orienting certain centers of energy of 
the lubricant molecules than many of the alloys previously used, and 
thus an adequate molecular lubricating layer will be better insured. 

In the second place, exact investigations of the occurrence or non- 
occurrence of the catalytic action of certain metals on fatty oils might 
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be, under certain circumstances, of the greatest value for the entire 
industry of fine mechanics. For example, there is always oil trouble 
with certain instruments having brass bearings. If the brass were re- 
placed by tin or tinned metal, a much greater durability of the oil 
might be attained. The greater reliability in service and prolonged 
life of the apparatus would compensate for the higher cost of the tin 
or the tinning, 

Finally, it would pay to make a general investigation of the influ- 
ence of the fatty acids on the different metals. The practieian is always 
inclined to understand by the word “acids” something quite dubious 
and dangerous. As a matter of fact, there is a great difference between 
saturated and unsaturated fatty acids, between liquid and solid acids, 
and all acids do not attack all metals to the same degree. Experi- 
mental tests as to which acids are of a harmless nature and whieh 
are dangerous, on what alloys they act strongly and which they attack 
less, would be of interest to all who use oil. Such tests would be all 
the more welcome since in Woog’s process the stearic acid is the chief 
agent for the reduction of friction. 

That by and for itself the free acid present in the lubricant is very 
effective in reducing the friction, has long been known. For example, 
in England, Wells and Southeombe proposed in 1920, as a result of 
their studics, to increase the lubricating value of ordinary mineral oils 
by the addition of a minute amount of fatty acid. 

It would appear, therefore, that there are a number of further 
problems which await scientific investigation and explanation, whose 
solution would be of greater value for every oìl user and oil maker than 
all practical tests on single instruments and single lubricants. 
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an Engineering Standpoint. Metal 

Ind. (London), 20:413-416, 487-438. 10.T.2:560 
82a 1928 Craus, W., On Phosphor Bronzes. Z, 

Ver. deut. Ing., 72:1307-1309. 
82h Turws, BE. R., On Phosphor Bronze. 

Giesserei Ztg,, 25:213-220. J.40:508 
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ZINC BRONZES 
Gun Metals 


Primrose, H. S., Notes on Admiralty 
Gun Metal. Metal Ind. (London). 
Running serially in Vols. 8-10, (See 
Index to ihis Journal.) 

Srarer, H. F, and Kamn, C. P., Physi- 
cal Properties of Certain Lead-Zine 
Bronzes, Trans. Am, Inst. Mining 
Met. Eng. 64:420-429. 

Arnort, J. Gun Metal. Foundry 
Trade J, 23:2-4. 

Rorre, R. T., Notes on Gun Metal. 
Metal Ind. (London), 18:265-268. 
(From J. Inst. Metals.) Foundry 
Trade J., 23 455-456. 

CLARER, R. R., Copper 88, Tin 10, Zine 

2. Metal Ind. (N. Y), 20:56-57; 1922. 

Rours, R. T, Notes on Admiralty Gun 
Metal. Metal Ind. (London), 20: 
173-175; 1922. (From Institute of 
Metals.) 

Anonymous, Gun-Metal, Machinist 
(London), 29 :690. 

Anonymove, Gun-Metal for Bearings. 
Machinist (London), 31:278. 


RED BRASS 


Hern, E„ and Baum, O., Investiga- 
tions on Bearing Metals—II. Red 
Brass. Mitt. Material, 29:63-110. 
Stahl Eisen, 31:1416-1422. 

Rurrmsistern, W., The Porosity and 
Physical Properties of Red Brass. 
Giesserei Zig., 23:559-564, 592-596. 
Abridgements in: Z, Metallkunde, 
18:297; Foundry Trade J, 34:177- 
180; Metal Ind. (London), 29:81; 
Verkehrstech., 45:76-80. 

Künner, R, On the Constitution and 
Properties of Red Brass. Z. Metall- 
kunde, 18:273-278, 306-311. 


Künns, R. and Marzaun, W. The 
New Red Brass Alloy R5 in Rail- 
road Service. Org. Fortschritle Hisen- 
bahnwesens, 82(1):14-14; 1927. Z. 
Metallkunde, 18 :306-311. 
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Anonymous (Signed ev). The Physi- 
cal Properties of Red Brass. Z. ges. 
Giessereipraxis, Das Metall, pp. 141- 
142, 


White Metals 
GENERAL 


Bucuanan, J. F., Antifriction Alloys. 
Foundry, April. 

Sprrey, E. S., Babbitt Metal and Its 
Manufacture. Brass World, 2:75-82, 

Parrerson, S. K., Metals in Bearings 
—Antifrietional Properties of Lead. 
Metal Ind. (N. Y.), 7:20-21. 

Smeu, C. A. M., and Humruntms, 
H. J., Some Tests on White Antifric- 
tion Bearing Metals. J. Inst. Metals, 
5:194-211. 

Bnropey, J. P., Metal for Bearings and 
Their Proper Lubrication. Am. Ma- 
chinist, 34:1207-1209. 

Prcorano, N., Experimental Tests of 
White Metals for Engines. Proc. 
Intern. Soc. Testing Materials, 6th 
Congress, New York. Sec. 1, p. I. 
19 pages. Am. Machinist, 37:523- 
525 (Abstract). 

Tusrin, 8, U., Babbitt Metal. 
World, 65:169-170. 

Baum, O., Investigations on Bearing 
Metals, Antimony-Lead-Tin Alloys, 
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Fore, R,, Studies on Bearing Metals. 
Intern. Z, Metallog,, 8:68-94. 


Elec. 


Jonzs, J, L., Babbitt and Babbitted 
Bearings. Trans. Am. Inst. Mining 
Met. Eng., 60:458-465. 

GIENE, A. A., Proper Specifications 
for Bearing Metals. Iron Age, 103: 
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Standardization of 
White Metals. Metall Erz, 17:11-12. 
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of Babbitt Metal. Mech. World, 68: 
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Proe. Assoc, Iron Steel Elec. Eng. 
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Sraruix, L. D,, Selection of Babbitt 
Metal. Power, 52:748-749. 

Stanpirorp, W. S., Babbitt as Material 
for Light and Heavy Bearings. 
Power House, 15:28-24, 

Munpey, A. H,, Bissert, C, C., and 
Cartuann, J. White Metals. Part I. 
Antifriction Alloys. J. Inst. Metals, 
28:141-183. Metal Ind. (London), 
21:291. 

Awonyrmous. Antifriction Alloys. 
Machinerie moderne, 17 132-36, 

Cowan, Wm. A, White Metals. J. 
Ind, Eng. Chem., 15:29-81. 


Auen, L. D, Babbitt Metals—Their 
Character and Uses, Raw Material, 
6:56. 

HANFFSTENGNL, G. v., Developments in 
Bearing Metals. Motorwagen, 26: 


496-498. (White Metals and Ther- 
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ANONYMOUS, Antilriction Metals, 


Fonderie moderne, 15:4. 

Priestiy, P, W., Antifriction Bearing 
Metals. Automobile Eng, 14:225- 
230. (Tables of Properties.) 

Jarvis, B. H., Something About Bab- 
bitt. (Extract.) Brass World, 21: 
59, 

Sayzerr, A. K., Antifriction Alloys. 
Their Main Types, Uses, Properties 
and Testing. J. Russ. Met. Soc., 3: 
304-358. 

Scumut, 0., White Metal Bearings. 
Z. ges, Giesseretprazis, 47 :17-18. 

Baumann, R., Hardness of Soft Metals. 
2. Ver. deut. Ing., 70:403. 

Zarrserr, K., Antifrietion Alloys, Fun- 
damental Types, Applications, Prop- 
erties and Tests, Rev. Soc. Russ. 
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Abstract in Rev. met, Extracts, 23: 
427-433. 

Wang, F. J., Facts Concerning Babbitt 
Metal, Am. Mach., 66:411. 
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ing Metals. Verkehrstech., p. 858. 
(Abstract by Praygode.) 46 


1244 1928 Seron, A. Melals and Alloys Used for 
Bearings. II. White Metals, Metal 
Ind. (London), 33 :489-492; Cf. C.A., 
22:4438. C.A. 23:582 


124b Srrem, O. G., White Metal Alloys for 
Bearings, Their Treatment and 
Micro-Structure. Eng. Progress 
(Berlin), 9:318-320. 

1246 Anonymous, Notes on Bearing Bab- 


bitts: Reference Book Sheet. Am, 
Machinist, 68:271. 


124d Anonymous, White Metal Bearings. 
Automobile Engineer, 18:25-26. 
124e ANONYMOUS, Properties and Use of 


Antifriction Alloys. Genie Civil, 92: 
419-420; Power Engr, 23:284 (Ab- 


stract). J, 40:047 
124f Ricurmr, Kann, “Zink, Zinn, und Blei.” 

Vienna and Leipzig, A. Hartleben, 

3d Ed, 319 pp. C.A, 22:3620 


PROPRIETARY WHITE METALS OF UNSPECIFIED COMPOSITION 
Careco 


125 1926 Benevicr, W., A Bearing Metal to 
Withstand High Loads. Zenir. 
Hütte Walz., 30:356. J.37:646 


Diesel Marine Babbitt 


126 1924 . Anonymous, Diesel Marine Babbitt. 
Am. Machinist, 61:169, 47 


WHITE METAL SPECIFICATIONS 


127 192 Freeman, J. R., Jr, The Physical Prop- 
erties of the American Society of 
Testing Materials Tentative Stand- 
ard White Metal Bearing Aloys. 
(Now Standard B23-26.) Proc, Am. 
Soc. Testing Materials, 22(1) ;207- 
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128 192% — Cowan, Wm. A, Classification of the 
American Society of Testing Ma- 
terials White Bearing Alloys. Lid- 
dell’s Handbook of Non-Ferrous 
Metallurgy, p, 533. Table 12 


Reference 


No. 


129 


130 


130a 


130b 


130c 


132 


1323 


133 


134 


135 


Year 


1927 


1922 


1928 


1921 


1926 


1928 


1912 


1918 


1927 


BIBLIOGRAPHY 


Author, Title 
and Reference 


Anonymous, Standard Specifications 
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ing Materials Standards, 1927, pp. 
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ÜoEBEL, I. J., Binary Lead Alloys. 2. 
Metallkunde, 14:357-366, 388-304, 
425-432, 449-456. 


Erus, O. W., Increasing the Strength 
of Lead-Base Bearing Metals. Am. 
Metal Market, 35:1-4, 44. 

Nevson, G. A., A Discussion of Lead- 
Base Bearing Metal. Western Mach. 
World, 19:12, 25. 


Jermer, F. H., The Lead-Tin System 


of Alloys Re-examined by an Elec- 
trieal Resistance Method. Trans. 
Faraday Soc. 


LEAD-ANTIMONY ALLOYS 


Gunrevicu, L, J., and Hromargo, J. &., 
Note on the Properties of Antimo- 
nial Lead. Chem. & Met. Eng., 25: 
62-63. 


Dean, R. 8, Zickkick, L., and Nix, 
F. C., The Lead-Antimony System 
and the Hardening of Lead Alloys, 
Trans, Am. Inst. Mining Met. Eng., 
73:505-540; 1926. 


Howamw, L. O., Some Peenliar Results 
in Hardness Tests of Pb-Sb Alloys. 
Trans. Am. Inst. Mining Mel. Eng. 
Proc. Inst. Metals Div, pp. 369-374. 


LEAD-TIN-ANTIMONY ALLOYS 


CAMPBELL, WM., On Lead-Tin-Anti- 
mony Alloys. Metallurgie, 9:422- 
425. 

Esus, O. W., On Lesd-Tin-Antimony 
Alloys, J. Inst, Metals, 19:151-154, 
Engineering, 105:298. 

Travers, A., and Hovor, Contribu- 
tion to the Study of Type Alloys 
and of the Metals Lead and Tin. 
Rev. Met., 24:541-554. 
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PROPRIETARY LEAD BASE WHITE METALS 
Thermit. Bearing Metal 


136 1923.» -_Hanrrsrencrn, G. v., Thermit Bearing 
Melal. Z. Metallkunde, 15:107-108. 


Giess. Zig., 20:344-395. 50 J.31:420 
137 Hanrrstencer, G. v, The Bearing 
Metal “Thermit.” Z. Ver. deut. ng., 
67 :455. J. 34:434 
C.A. 17 :2858 


138 1924 Anonymous. Thermit, A New Bear- 
ing Metal, Elektrotech. Z., 45:63-64. 
139 Uanrrsruncrt, G. v, The Universal 
Bearing Alloy—Thermit. Z. ges. 
Giessereipraxis, 45:182. Maschinen- 


bau, 3:1075-1076. J. 33:356 
139a 1928 Anonymous, The Bearing Metal 
: “Thermit.” Metall, 49:122-123, J. 40:648 


139b 1927 Ackermann, Nico Metal. Z. Ver. 
deut. Ing., 71:1691-1693. 


TIN-BASE WHITH METALS 


140 1905 Anonymous. The Original Babbitt 
Metal Formula, Brass World, 1: 

325. 51 
141 1911 Hern, E, and Baumer, O., Investiga- 
tions on Bearing Metals, I. (Tin- 
base White Metal.) Mitt. Material- 
prüfungsamt, 29:29-49. Stahl Eisen, 

, 31:509-512. 52 
142 1922 = Priesriy, P. W., Properties of Tin Base 
White Metals. J. Inst. Metals, 28: 


177-182, . Tables 8-10 
143 Pumsruy, P. W., Tests on High Tin 
Bearmg Metals. Chem. & Met, 
Eng. 27:928-931. J.32:624 


C.4.17:257 
143a 1928 Erus, O. W. and Kaneuitz, G. B, A 
Study of Tin-Base Bearing Metals. 
Mech. Eng., 50:13-28; Metal Ind, 
(London), 33:132-134, 156-158, 162; 
Metallurgist, 4:124-126 (Summary). J.40:526 


PROPRIETARY TIN BASE WHITE METALS 
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144 1908 Anonymous. Plastic Babbitt Metal. 
Brass World, 4:99-100, 53 
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Lead-Alkali Metal and Lead-Alkaline Earth Metal Alloys. 


145 1920 Hart, Bearing Metals Containing Cul- 
cium, Metallteeh., 46:73. 54 J- 28:597 
C.A. 14:3628 
146 1921 Roure, R. Tọ, Lead-Calcium Alloys. J. 
Inst. Metals, 25:171-174, 55 
147 1922 Anonymous, Calcium-Barium- Lead 
Alloys. Metallbörse, 12:127-128. 
148 1923  Fiıurorr, L., Calcium-Lead Bearing 
Alloy, Metal Ind. (London), 22: 
145-147. 56 
149 1923 Maraesrus, Special Bearing Metals. 
Glasers Ann., 92:163-170. J.31:524 
150° 1925 Anonymous. Lead-Calcium Bearing 
Alloys. Bull. Brit, Non-Perrous 
Metals Research Assoc., 15:27. 
151 Bocrvar, A. M., Lead-Calcium-Barium 
Alloys as Bearing Metals, J. Russ. 
Met. Soc., (1) :137-139. 57 J.34:433 


PROPRIETARY LEAD-ALKALI METAL AND LEAD-ALKALINE EARTH METAL ALLOYS 


152 197 Anonymous. Bahnometall, the New 
Kind of Bearing Metal. Verkehrs- 
tech., 8:28-29. 58 


Frary Metal 
158 1921 Cowan, WM. A. SIMPKINS, L. D., and 
Hims, G. O., The Bleectrolytically 
Produced Caleium-Barium-Lead Al- 
loys Comprising Frary Metal. Trans. 
Am, Electrochem. Soc, 40:27-49. 59  C.A.15:3792 
154 1922 Anonymous, New Bearing Metal of 
Universal Properties. Set. Am., 127: 
182, (Called Ferry Metal.) 


155 Anonymous. Lead Aloy Bearing 
Metal Developed, Elec. Ry. J., 59: 
647. 60 
Lurgi Metal 


156 1923  Kinpumr, E, Street Railway Journal 
Bearings of Lurgi and Calcium-Lead 
Bearing Metal. Verkehrstech., 40: 
161-163. 

157 1924 Anonymous. Lurgi and Calcium-Lead 
Metal for Street Railway Journal 
Bearings. Zlektrotech. Z., 45;220. 
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158 1905 Anonymous. Tempered Lead. Brass 
World, 1:231-282. 61 
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159 1915 Anonymous. A Bearing Metal of 

High Elastic Limit, Iron Age, 95: 

1016. 62 C.A.9:2757 

Ulco Metal 
(See also Frary Metal) 

160 1918 Frary, F. C., and Tamre, S. N., Ulco 

Hard Metal. Chem. & Mel. Eng., 

19:523-524. 63 C.A.12:258 
161 Anonymous. Uleo Hard Metal as a 

Substitute for Babbitt. Eng. & 

Mining J., 106:133. Am. Machinist, 

49:524. (Bureau of Standards Tests.) J.21:453 


Zinc Base Alloys 


162 1919 Anonymous. Study of Cast Zine 

Alloys with Special Reference to 

Their Use as Bearing Metals. Chem. 

Zentr., 90:964-965. J.27:417 
163 1920 Scuunz, EB. H., Standardization of 

Zine and Zine Alloys. Melall Erz, 

17 :898-400, 


LUMEN METAL 


164 1919 Jonns, J. L., Lumen Metal. Metal 
Ind. (N. Y.), 17:283. 64 
165 1922 Anonymous. Lumen Bronze “Hanıl- 
book for Engineers and Designers,” 
Lumen Bearing Co., pp. 17-18. 65 


Die Casting Alloys 
166 1914 Larm, E. F, Metals and Alloys for 


Die Casting. Mech. World, 56:64. J.12:804 
167 1920 Pack, C., Outlines Properties of Die 

Castings. Foundry, 48:695. 66 J.25:413 
168 1923 Carman, A. G., Metals Used in Die 
: Castings. Machinery, 29 :516-518. J. 33:481 


169 1925  Couweun, D. L., Four Classos of Dio 

Casting Alloys. Iron Age, 115:1123, 

1171. J.34:449 
170 1926 CoMmMITTEB ror Drs-Casrina Aoys 

oF THE DEUTSCHE ÜESELLSCGHART 

FÜR METALLKUNDE. Investigation of 

Die-Casting Alloys Rich in Zine. 

Z. Metallkunde, 18:359-364. J.37:478 
170a 1927 Anonymous, Alloys for Casting under 

Pressure. Fonderie moderne, 21: 

502-503. 
170b 1927 AnonyMous, Die-Casting Alloys. Ma- 

chinist (London), 31:397-398. J.40:716 
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Curts, R. M., Zine-Base Die-Casting 
Alloys, Sibley J. Eng., 42:318-320, 
346. 

Russen, T. T., Goonricn, W. E, 
Cross, W. and Arren, N. P., Dic- 
Casting Alloys of Low Melting 
Point. J. Inst. Metals, 40:239-253; 
Engineering, 126:475-476 (Abstract) ; 
Engineer, 146:282-283 (Abstract). 

Anonymous, British Institute of 
Metals Discusses Die-Casting Alloys. 
Foundry, 56:788; Iron Age, 122:814. 


Graphite Bearing Metals 


Anonymous. Graphite Antifriction 
Metal. Brass World, 2:271. 

Anonymous. Graphite Bearing Metal. 
Brass World, 6:207, 

Cuamm, G. H, Graphite Bearing 
Metal. Brass World, 6:251. 

Anonymous. Graphitized Bearings for 
Rolling Mills. Zentr. Hütte Walz- 
werke, 27(20). 

Sryrin, O. G., Graphited White Bear- 
ing Metal. Metall, 49:105-107 (Z. 
ges. Chiessereipraxis). 


Durex 


Anonymous. Durey, a Bearing Ma- 
terial Which Holds Oil Like a 
Sponge. Automotive Ind, 50:1072- 
1074. 


Genelite 


Anonymous. A New Synthetie Bear- 
ing Metal. Chem. & Met. Eng., 
25:297. 

Guson, E. G., Genelite, a New Bear- 
ing Material. Machinery, 29:123- 
124. 

Anonymous. A Spongy Bearing Metal 
(Genelite). Eng. Mechanics, 124: 
23. 


Graphalloy 
Yars, R. F, A New Antifriction Al- 
loy. Sibley Eng. Ja 32:6, 11. 
Jones, F. D, (signed F. D. J), Manu- 
facture of a Self-Lubricating Bearing 
Material. Machinery, 24:631-632, 
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Other Types of Bearing Materials 
CAST IRON 


180 1911 Mawson, R, Bearing Metals (Cast 
Iron), Am. Machinist, 35:517-518. 


. Crilley Mercury Bearing Metal 
181 1925 Anonymous. Crilley Mercury Bear- 
ing Metal. Machinery, 31:915. 74 
18ta 1927 Scrape, J. W., Rubber in Eingincering, 
Trans. Am. Inst. Chem. Eng, 19: 
63-65. 74a 


DESCRIPTION AND PROPERTIES OF ALLOYS SUITABLE 
FOR BEARING METALS 


(Classified by Applications) 
Automotive Bearings 


182 1913 Anonymous. Materials for Motor Bus 

Construction. (British Daimler 

Works.) Engineering, 95:99-102, J.9:212 
183 1924 Rerwnotos, J. F Bronze or Babbitt 

for Camshaft Bearings. Am, Ma- 

chinist, 60:665-666. J, 33 :484 
184 AITCHISON, L., Light Alloys for Pistons 

and Connecting Rods. Automobile 

Eng, 14:148-155. Metal Ind. (Lon- 

don), 24:424-425, 447-449, 470-473, 

494-497. J.34 579 
185 1925 Anonymous, Tight Alloy Connecting 

Rods. Automobile Eng., 15:47. J. 34:880 
186 Kavu, L., Tin Tree Bearing Alloys 

for Automobiles. Metallbörse, 15: 

503. 


Steam and Electric Railroad Rolling Stock 


187 1907 Cramer, G, H., The History and De- 
velopment of the Alloy Practice in 
the United States as Applied to 
Railroad Bearings. Proc. Am, Soc. 
Testing Materials, 7:302-313. 

188 1911 Hucuss, G., Non-Ferrous Metals in 
Railroad Work. J. Inst. Metals, 6: 
74-134, 

189 1915 Cuarxe, R. R., Need of Standard 

. Railroad Car Bearing Alloy. Foun- 
dry, 43 :457-458, 

190 1917 Tınkm, G. H, Tests on Bearing 
Metals. (American Railroad Asso- 
ciation.) Mech. World, 61:162. : J.17:354 
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Karariat, J., Bearing Metals for Rail- 
road Use. Montan. Rundschau, 15: 
392. 


Kanrariat, J., Investigation of Bearing 
Metals for Railroad Practice. Z. 
ocslerr, ing. architekt. Ver, 75:38-35, 
219-231. 


Movable Structures 


Cuase, ©., E., Particular Uses of 
Bronze in Movable Bridges, (Am. 
R.R. Assoc.) Metal Ind. (London), 
9:137-138. 

Ssrwy, O. E, The Use of Bronzes in 
Railroad Turntables and Movable 
Bridges. J. Am. Inst. Metals, 11: 
359-369, Metal Ind. (N. Y), 15: 
439-441, 469-470. 


Electrical Machinery 


Gisson, A, Bearings of Electrical 
Machinery. Mech. World, 58:306. 


Machine Tools 


Baranp, R. S., Linings for Used Ma- 
chine Bearings. (A case where bab- 
bitt proved superior to phosphor- 
bronze.) Am. Machinist, 34:750. 

SCHLEICHINGeR, F., and Kurerın, M, 
FL, Copper-poor Zine Alloys for 
Machine Tool Bearings, the Influ- 
ence of Casting and Lubrication. 
Werkstattstechnik, 17:481-487, 522- 
526. Z. Ver. deut. Ing. 68:158; 1924. 


Marine Engines 


Donarnson, J. W., Non-Ferrous Alloys 
and Their Uses in Marine Engineer- 
ing and Shipbuilding. Metal Ind. 
(London), 22:28-29, 50-58. (Paper 
read before Scottish local section of 
Institute of Metals.) 

Locan, A. E., Non-Ferrous Alloys in 
Marine Engineering with Special 
Reference to Admiralty Gun Metal, 
Manganese-Brass and White Metals. 
Foundry Trade J,, 29:486-492, 550. 
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C.. 17:3856 


d. 16:248 


J. 19:259 


J. 14:241 
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Reference Year Author, Title Abstract Reference in 
No, 8 and Reference No, 3,0, Aco LO,T, 


Mill Machinery 


200 1921 AnonyMous. Results of Investiga- 

tions Covering Bearing Metals. 

(Canadian Pulp and Paper Com- 

mittee.) Belting, 18:63-64, J. 29:761 
201 1922 Sranpironn, W. S, Babbitt—A Ma- 

terial for Roll Bearings. Blast Fur- 

nace Steel Plant, 10:166-171, J. 29:761 

C.A. 16:1735 

202 1923 Hanrrstencen, G. v., Bearing Melals 

with Special Reference to Their 

Utilization in the Brown Coal Indus- 

try. Braunkohle, 22 :541-546. C.A.18:962 
202a 1928 Krerzuon, A. Alloys for Bearings of 

Rolling Mills. Fonderie moderne, 

22:252-253, , J. 40:648 
202b 1928 Parem, N. K. B, Bronze Bearings for 

Heavy Duty. Tron Age, 121:1599- 

1600; Mech. World, 84:306-307. 


STRUCTURE AND CONSTITUTION OF BEARING METALS 
Surface Structure of Bearing Metals 


203 1915 Hunst, J, E., Surface Flow Phenomena. 

Engineering, 100:130-131. 75 C.A, 9:2755 
204 1923 Hurst, J. E, A Note on White Anti- 

friction Metal Alloys. Metal Ind. 

(London), 22:357-358. 76 


Equilibrium Diagrams, Constitution, and Other Facts Determined from 
Thermal, Electrical Conductivity, etc., Investigations 


GENERAL 


205 1925 Env, H., On the Relation between 
the Equilibrium Diagram and the 
Magnetic Susceptibility in Binary 
Alloys. Sci. Rept. Téhoku Imp. 

Univ., 14:479-512, 

206 1927 Honpa, K., and Enpo, H., Magnetic 
Analysis as a Means of Studying 
the Structure of Non-Magnetic Al- 
loys. (Pb-Sb, Pb-Sn, ete.) J. Inst. 
Metals, 37:29-50. ` C.A, 21:1617 


ALUMINUM ALLOYS 


207 1927 Garı, M. L. V, Equilibrium Dia- 
gram of the System Al-Cu, Intern. 
Crit. Tables, 2:401, 609. 


BIBLIOGRAPHY 


Reference Year Author, Title 
No. and Reference 


208 Gaye, M. IL. V,, Equilibrium Dia- 
gram of the System Al-Cu-~Mg-Si 
(Including Duralumin), Intern. Crit. | 
Tables, 2:409-412. 

Gaver, M. L. V., Equilibrium Dia- 
gram of the System Al-Cu-Zn. 
Intern, Crit. Tables, 2:407. 


209 1927 


COPPER ALLOYS 

Heycock, C. T., and Nevins, F. H, 
Complete Freezing Point Curves of 
Binary Alloys Containing Silver or 
Copper Together with Another 
Metal. Phil, Trans., 189:25-69. 

Matsupa, T., On the Transformations 
in Bronze, Aluminum-Bronze and 
Brass, Set. Rept. Téhoku Imp. 
Univ. 11:223-268. 

Jones, W. M., and Evans, E. J., Crys- 
tal Structure of CusSn and Cub. 
Phil. May, 4:1302-1311. 


210 1897 


ail 1922 


2lla 1927 


COPPER-ALUMINUM ALLOYS 
See Reference Nos. 207 and 211. 

Carpenter, H. C. H, The System 
Copper-Antimony. Intern. Z. Mel, 
4:300. 

Reimann, H., The Compounds Cu;Sb., 
CuSb, and CuSb in the Copper- 
Antimony System. Z. Metallkunde, 
12:321-331. 

COPPER-LEAD ALLOYS 


Freio, K., and Leroux, A. Cop- 
per, Silver, and Lead. Metallurgie, 
4:293-315. 

Friepricu, K., Investigations of Sys- 
tems Forming Layers. (In the Liquid 
State.) I. Lead and Copper. Metall 
Erz, 10:575-586. 

Boarreu, B., On the Mutual Solubility 
of Copper and Lead. Compt. rend, 
161:416. 

Hauvscuron, J. L, Equilibrium Dia- 
gram of the System Cu-Pb. Intern. 
Crit. Tables, 2:484. 


212 1913 


213 1920 


214 1907 


215 1913 


216 1915 


217 1927 


COPPER-LEAD-NICKEL ALLOYS 
Quertier, W., and Menzen, F., Cop- 
per-Niekel-Lead Alloys. Z. Metall- 
kunde, 15:223-224. Z. anorg. Chemie, 
132 :201-208. 


218 1923 


Abstract 
No. J., C. A. or J.C. T. 


61 


Reference in 


77 


C.4.22:519 


78 J.10:406 


J,15:347 


79 


Year 


G2 
Reference 

No. 
219 1915 
220 1919 
221 1921 
222 1922 
223 1924 
224 1925 
225 
226 1927 
227 
228 
228a 
228b 1928 
228e 


BEARING METALS 


Author, Title 
and Reference 


COPPER-TIN ALLOYS 


Havarron, I. I, The Constitution of 
the Alloys of Copper with Tin. I 


and II. J. Inst. Metals, 13:222-248, . 


Hoyr, 8. L., Constitution of Tin 
Bronzes. Trans. Am. Inst. Mining 
Met. Eng, 60:198-205. 

Haverron, J. L., The Constitution of 
the Alloys of Copper with Tin. III 
and IV. J. Inst. Metals, 25:308-236. 

Baum, O, and Voruenskuck, OÖ, The 
Solidification and Transformation 
Diagram of the Copper-Tin Alloys, 
Milt. Material, 40:181-215. Z. Metall- 
kunde, 15:119-125, 191-195; 1923. 

Istmara, T., On the Equilibrium Dia- 
gram of the Copper-Tin System. J. 
inst. Metals, 31:315-348. 

Honba, K., and Baur, O, The Equi- 
librium Diagram of the Copper-Tin 
Alloys. Z. Metallkunde, 17:99-100. 

Snockpars, A., The Alpha Phase Bound- 
ary in the Copper-Tin System. 
(Upper Limit at 16 per cent Tin.) 
J. Inst. Metals, 34 :141-124, 

Jerry, A Method of Measuring Va- 
riations of Electrical Resistance for 
the Determination of the Thermal 
Diagram of an Intermetullie Sys- 
tem. (Application to the System 
Cu-Sn.) Trans. Far. Sac, 23:563- 
570. 

Hansen, M., On the Solubility Line of 
the Alpha (Cu-Sn) Solid Solution. 
4. Metallkunde, 19 :407-409. 

Havuenton, J. L, Equilibrium Dia- 
gram of the System Cu-Sn. Intern. 
Crit. Tables, 2:433. 

Rarer, A. R, Equilibrium Diagram of 
the Cu-Sn Alloys Containing from 
10 to 25 atomic percent, of Tin. J, 
Inst. Metals, 38:217-240; Can. Chem. 
Met., 11:315-816 (Abstract). 

Bernat, J. D., The Complex Structure 
of Copper-Tin Intermetallic Com- 
pounds. Nature, 122:54. 







Browiewski, W,, and Hackximwicz, B., 
On the Structure of Copper-Tin Al- 
loys. Compt. rend., 186:651-654; 
Rev, Met, 26:20-28, 


Abstract 
No, 


80 


Reference in 
JO. A ILCO T, 


J.31:417 


J.38;419 


J.38:419 


CA, 22:211 


C A. 22:3874 
J. 40:510 


J. 40:510 


Reference 
No 


228d 


228e 


228f 


228g 


228h 


229 


230 


231 


232 


233 


234 


Year 


1928 


1910 


1926 


1924 


1926 


1907 


BIBLIOGRAPHY 


Author, Title 
and Reference 


Hansen, M. Transformations in Cop- 
per-Tin Alloys. Metalluryist, yp. 
142-143, 

Isımara, T., A Supplement to “The 
Equilibrium Diagram of the Copper- 
Tin System.” Sez. Repts. Téhoku 
Imp. Univ., 17 :927-987, 

Matsupa, T., On the Equilibrium Dia- 
gram of the Copper-Rich Side of the 
Copper-Tin System. Sct. Repts. 
Töhoko Imp. Univ., 17:141-161. 


Westaron, A, and PHRAGMÉN, G, 
X-Ray Analysis of the Copper-Tin 
Alloys. Z. anorg. Chem., 175:80-89. 

Prior, W. B, Grant, C. G., and Pum- 
urs, A. J, Alpha Phase Boundary 
of the Copper-Nickel-Tin System. 
Am. Inst. Mining Met. Eng. Proc. 
Inst. Metals Div., pp. 503-517. 


COPPER-TIN-PHOSPHORUS ALLOYS 


Hunson, O. F., and Llaw, E. F, A 
Contribution to the Study of Phos- 
phor-Bronze, J. Inst. Metals, 3: 
161-186. 

CAMPBELL, Wi. Copper - Tin - Phos- 
phorus. “Liddell's Handbook of 
Non - Ferrous Metallurgy.” New 
York: McGraw-Hill Book Co., pp. 
41-42. 

Graser, L, C., and Seeman, H. J., Con- 
tribution to the Knowledge of Phos- 
phor-Bronze on the Basis of Optical 
Investigation of the System Copper- 
Phosphorus-Tin. Z. tech. Phys., pp. 
42-46, 90-95. 


COPPER-TIN-ZINC ALLOYS 


Tammany, G. and Hansen, M., On 
the Ternary System Copper-Tin- 
Zine, Z. anorg. Chem,, 138:137-161. 

Hansen, M., The Constitution of Red 
Brasses, Z. Metallkunde, 18:347-349. 


LBAD-ANTIMONY ALLOYS 


GONTERMANN, W., On Lead-Antimony 
Alloys. Z. anorg. Chem, 55:419- 
425. 


Abstract 
No. 


80a 


81 


82 


83 


63 


Reference in 


J., C. A. or}. O. T. 


J. 40:509 


C.A. 22:2729 
J. 40:510 


C.A. 23:587 


J. 37:465 
C.4.21:1091 
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Reference Year 
No. 

235 1923 
236 1924 
237 1925 
238 1927 
239 
240 
241 
242 
242a 1928 
243 1927 
2430 1928 


BEARING METALS 


Author, Title 
and Reference 
Dean, R. 8, The System Lead-Anti- 
mony. J. Am., Chem. Koc., 45:1683- 
1688, 


Kanexo, K., and Fusma, M., On 
Alloys of Lead and Antimony, 
Nihon-Kégyédkwaishi, 40 :439-449. (In 
Japanese.) 

Dan, R. 5., Hupson, W. E., and 
FocLer, M. F, The System Lead- 
Antimony. IL Ind. Eng. Chem., 
17:1246-1247, 

Hunson, 0. F., Equilibrium Diagram 
of the System Pb-Sb. Intern. Orit. 
Tables, 2:415; 1927. 

SCHUMACHER, E. E, and Boston, G. 
M. The Solid Solubility of Sb in Pb. 
J. Am. Chem. Soe., 49:1667-1675. 

Fiscurr, V., Calculation of Constants 
for the Determination of Vapor 
Tension and Melting Point Curves. 
(Pb-Sb and Zn-He.) Z. Phys, 43: 
131-135. 

Scävmackur, E. E, and Nix, F. ©, 
The Solidus Line in the Lend-Anti- 
mony System, Am, Inst. Mining 
Met. Eng. Proc, Inst, Meials Div, 
pp. 195-206, 


Moraen, R. A., Swenson, L. G., Nrx, 
F. C., and Romis, E. HL, Ternary 
Systems of Lead-Antimony and a 
Third Constituent. Am. Inst. Min- 
ing Met. Eng, Tech. Pub. No. 43, 
33 pp. 

Bronmwsxı, W. and Surwowskı, L, 
The Lead-Antimony Alloys. Rev. 
met., 24:397-404, 


TERNARY LEAD ALLOYS 


Morcen, R. A., The Relation between 
Pseudo-binary Lines and Solid Solu- 
tions in Metallic Ternary Systems. 
J. Am, Chem. Soc., 49:39-43. 

Moncan, R. A., Swowson, L. J, Nex, 
F. C., and Rosrrrs, E. H., Ternary 
Systems of Lead-Antimony and a 
Third Constituent. Am. Inst. Min- 
ing Met. Eng., Proc. Inst, Met, Div, 
pp. 316-351. 


Abstract Reference in 
No. J.,0. A.ord, a. 8. 


J.31:420 


J.36 445 


C.A, 21:3013 


C.A, 21:1440 
J. 37:467 


C.A. 22:903 


J.40:518 


J. 38:430 


Reference Year 
Na. 


244 


246 


247 


248 


249 


250 


251 


252 


1927 


1924 


1920 


1911 


1927 


1905 


1906 


1919 


1922 


BIBLIOGRAPHY 


Author, ‘litle 
and Reference 


LUAD-ANTIMON Y-ARSBNIC ALLOYS 

Aven, E, and Repuicn, OÖ, On the 

Ternary System Lead - Antimony- 

Arsenic. Z. anorg. Chem., 161:221- 
227, 

LEAD-ANTIMONY-COPPER ALLOYS 

Scenack, H, The Ternary System Cu- 


Pb-Sb. Z. anorg, Chem., 132:265- 
272. 


LEAD-BARIUM ALLOYS 


Czocunarsx1, J., and Rassow, E, 
Contribution to the Constitution 
Diagram of the System Lead-Ba- 
rium, Z. Metallkunde, 12:337-340. 


LEAD-CALCIUM ALLOYS 


Baan, N., On the Alloys of Mo with 
Ni, Mn with TI, and Ca with Me, 


Abstract 
No. 


84 


Tl, Pb, Cu, and As, Z. anorg. ` 


Chem., 70,352. 


LEAD-LITHIUM ALLOYS 


ČZOCHRALSKI, J.„ and Rassow, I, Tho 
Binary Alloys of Lead with Lithium, 
Z. Metallkunde, 19:111-112. 


LEAD-MAGNESIUM ALLOYS 


Gruso, G., On Magnesium-Lead Al- 
loys. Z. anorg, Chem. 44:117-130. 


LEAD-SODIUM ALLOYS 


Marmewson, C. H, Na-Pb, Na-Cd, 
Na-Bi and Na-Sb Alloys. Z. anorg. 
Chem., 50:171-198. i 

Gouse, I. J, On Pb-Na-Hg and Pb- 
Na-Sn Alloys. Z. anorg. Chem, 
106 :209-228, 


LEAD-STRONTIUM ALLOYS 


Priwowarsky, E., Contribution to the 
Constitution Diagram of the Sys- 
tem Pb-Sr. Z. Metallkunde, 14: 
300-301. - 


8 


86 


65 


Reference in 
JC. A ori. GP. 


J.37 :467 


J. 34:42 
C.A. 18: 


b S 


aI 


676 


IC.T.2:214 


C.A. 21:1617 
J. 37:467 


IC T.2:415 


IC.T.2:415 


7.22 :364 


J.28:599 
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Reference Year Author, Title Abstract Reference in 
e No. e and Reference No. Jap O A oO T 


LEAD-TIN ALLOYS 


253 1920  Parravano, N., and Scorvaca, A. On 
the Solubility in the Solid State of 
Tin in Lead. Gazz. chim, ital, 
50(1) :83-92. J, 23 :567 

254 1927 Hunson, O. F, Equilibrium Diagram 
of the System Pb-Sn. Intern, Crit. 
Tables, 2:415. 

254a 1928 Jweury, I. I, The Lead-Tin Syslom 
of Alloys Re-examined by an Elec- 
trical Resistance Method. Trans. 
Far. Soc., 24:209-215, 


LEAD-TIN-ANTIMONY ALLOYS 
255 1911 CAMDBELL, W., and Bruo, TFT. C, 
. Notes on Lead-Tin-Antimony, Co- 
lumbia School of Mines Quarterty, 
32:244-255; 1911. J. Soe. Chem. 
Ind., 30:698. (Abstract. 


256 Loger, R., On the Constitution of the 
Ternary Alloys of Pb-Su-Sh. Metal- 
lurgie, 8:7-15, 38-49, LC.T.2:418 


257 1925 Zurıs, OÖ. W., Intermetiullie Reactions 

in a Lead Base Bearing Metal. 

Nature, 115:382, (Communication.) J.33:355 

C.A, 19:1687 

258 1917 Hermeponr, R. P, BE, Lead-Tin-Cop- 

per System. Thesis (Met. TE.) 

Columbia University. (Unpublished, 

referred to in Ref. No. 248a.) 
258 1996 CAMPBELL, Wm., Constitution of the 

Lead-Base Babbitts, Liddell’s “Hand- 

book of Non-Ferrous Metallurgy,” 

New York, McGraw-Hill Book Co, 

pp. 33-34, 87 


LBAD-ZINO-ANTIMONY ALLOYS 
259 1925 TAMMANN, G., and Danu, O., On Pb- 
Za-5b Alloys. Z. anorg. Chem., 144: 
1-15, J. 37:467 
MAGNESIUM-CADMIUM ALLOYS  .. 
260 1927 Hums-Rorzery, Wm., and Rowsuı, k 
S. W., The System Magnesium-Cad- 
mium. J. Inst. Metals, 38:137-156. “s C.A. 21:3528 


TIN-ANTIMONY ALLOYS 
261 197 Wituiams, R. §., On the Alloys of Sb 
with Mn, Cr, Si, and Sn; of Bi with 
Cr and Si; and of Mn with Sn and 
Pb. Z. anorg, Chem., 55:1-33. 88 


BIBLIOGRAPHY 67 


Reference Year Author, Title Abstract Reference in 
No. and Reference No. J., 0. A. or C.T. 


261a 1928 Broniewski, W. and Srıwowskı, L. 
The Antimony-Tin Alloys, Rev. 
met., 25:312-321; Compt. rend., 186: 
1615-1616. CA, 22 3125 
CA. 22:3617 
7.40 :503 


TIN-ANTIMONY-COPPER ALLDYS 


262 1920  Hunpson, O. F. and Darrey, J. H., The 

Constitution and Structure of Cer- 

tain Tin-Antimony-Copper Alloys. 

J. Inst. Metals, 24:361-371. 89 C.A. 14:3212 
263 1926 Camre, Wm., Fhe Constitution of 

the Tin-Base Babbitts. Liddell’s 

“Handbook of Non-Ferrous Metal- 

lurgy,” New York, McGraw-Hill 

Book Co., pp. 35-36. 90 
264 1927 Bonsacx, W., On the System Tin-Cop- 

per-Antimony. Z. Metallkunde, 19: 

107-110. J.37:477 


ZINC BABE ALLOYS 


265 1923 Proce, W. M., Studies on the Counsti- 
tution of the Binary Zine Base Al- 
loys. Trans. Am. Inst, Mining Mel. 
Eng., 68 767-795, 


Micrographical Examination of Bearing Metals 

266 1897 Srean, J. E., Mierochemical Examina- 

tion of Lead-Antimony, Antimony- 

Tin, Tin-Aısenie, ete, Alloys. J. 

Soe. Chem, Ind., 16 :200-210, 91 
267 1917 ° Biersaum, C. H., and SKILLMAN, V. 

Bearing Bronzes and the Micro- 

scope. Iran Age, 99:946-947. 
268 1919 Davis, E. J., Metallography Applied 

to Non-Ferrous Alloys. VI, VIL 

Foundry, 47 :345-349, 438-439, J.26:543 
269 190  Bisserr, C. C., Testing Anti-Trietion 

Metals by Means of Ihe Microscope. 


Metal Ind. (London), 17:441-442. J.26:543 
270 Ksıcur, O., Distinguishing Lead in 


Brass and Bronze. Jron Age, 105: 
327. Metal Ind, (Landon), 16:19. 


271 1922 Jounston, A. MeA,, and Irwiy, R. 
W., The Microstructure of Babbitt 
Metal. J. 8. African Inst. Eng., 20: 
197-211. 
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Reference 


No. 


272 


273 


274 


275 


276 


217 


2778 


278 


279 
280 


281 


Year 


1927 


1928 


1921 


1922 
1923 


1926 


BEARING METALS 


Author, Title 
and Iteference 


Anonymous, Structure and Related 
Properties of Metals. Bur. Stand- 
ards Cire. No. 118, 2d Ed., 104 pp. 

Anonymous. Standard Methods of 
Metallographie Testing of Non- 
Ferrous Metals and Alloys, (185-27.) 
Am. Soc. Testing Materials Stand- 
ards, pp. 769-777. 

Anonymous. Standard Rules Govern- 
ing the Preparation of Micrographs 
of Metals and Alloys. Including 
Recommended Practice for Photog- 
raphy as Applied to Metallography. 
(E2-27.) Am. Soc. Testing Materials 
Standards, pp. 778-786, 

Prımrosn, J. S. G., Microscope is a 
Useful Adjunct in Non-lerrous In- 
vestigations. Foundry, 55:222-226, 
235. 

VIELLA, J. Ro and Bercerxorr, D., Pol- 
ishing and Etching Lead, Tin and 
Some of Their Alloys for Micro- 
scopie Examination. Ind. lng. 
Chem., 19 1049-1052. 


Lucas, F. F., Application of Miero- 
teme Methads to the Preparation of 


Soft Metals for Microscopic Exami- 


nation. Am. Inst. Mining Met. Eng. 
Proc. Inst, Met. Div, pp. 481-499. 


Punsirer, H. B., Smoothing and Eteh- 
ing Cupro-Nickel, Bronze, Brass and 
Steel. Am. Inst. Mining Met. Eng. 
Tech. Pub. No. 137, 18 pp. 


Abstract 
No, 


Segregation, Inclusions, and Other Defects 


SEGREGATION 


Bauer, 0., and Arnot, H., Segregation 
Phenomena in Metallic Alloys. Mitt. 
Materialpriifungsamt, 39;97-101. Z. 
Metallkunde, 13:497-506, 559-564. 


Kitunut, R., Reversed Segregation, Z. 
Metallkunde, 14:462-464. 

Kümne, R., Segregation Phenomena 
in Castings. Giess. Zig., 20:407-411. 

Dinger, W., On Segregation Phe- 
nomena. Giess. Ztg, 23:581-586. 


92 


Reference in 
d, C A ori C, T, 


C.A. 21:1952 


J. 38:468 
C'.A.21:3881 


J.37:514 
C.A. 21:1429 


J. 40:568 


J. 31:553 


J. 37:483 


Reference 
No. 


282 


283b 


283c 


286 


287 


283 


289 


Your 


1927 


1926 


1928 


1910 


1917 


1918 


BIBLIOGRAPHY 


Author, Title 
and Reference 


Genxvurs, R., The Mechanism of In- 
verse Sogregation in Alloys. With 
an Appendix on “The Accurate De- 
termination of Copper in Bronze by 
Electrolysis” By R, A. F. Ham- 
mond. J. Inst. Metals, 37 :241-285. 

“Celsian.” Some Defects in Brass and 
Bronze Castings. Foundry Trade 
J., 34:434. 

SLBERSTAN, J., Lead Segregation in 
Brasses and Bronzes, Brass World, 
23:293; Metal Ind. (London), 31: 
392. 

Barcay, M., The Ludwig-Soret Effect 
in Metallic Alloys. Rev. met., 25: 
427-454, 509-520; Metallurgist, pp. 
165-167 (Review), 

Anonymous, Segregation in Non-Fer- 
rous Alloys, Metallurgist, 4:60-61. 


INCLUSIONS AND OTHER DEFECTS 


Descew, C. H., Some Common Defects 
Occurring in Alloys, J. Inst. Metals, 
4 :235-247. 

Funny, A. D., and Jonson, E. Inspec- 
tion of Brass and Bronze. Proc. Am. 
Soc. Testing Materials, 17(2) :213- 
238, 

Comsrock, G. F., Non-Metallic In- 
clusions in Brass and Bronze. J. 
Am. Inst. Metals, 12:5-10, 

CARPENTER, H. C. H. and Eram, Č. F. 
An Investigation on Unsound Cast- 
ings of Admiralty Bronze (88:10:2). 
Its Cause and Remedy. J. Inst. 
Afetals, 19:155-220. 

Guttiet, L., GALIBOURG, J., and BALLAY, 
M., Intererystalline Voids. Rev. 
Metal, 22 :253-272, 

Price, W. B, and Panurs, À. J. 
Exudations on Brass and Bronze. 
Trans. Am., Inst. Mining Met. Eng, 
Oct. 1-9. (Preprint.) Metal Ind. 
(London), 29:489. 


Iwasóé, K., Occlusion of Gases by 
Metals and Alloys in the Liquid 
and Solidus States. Sci. Repi. 
Tohéku Imp. Univ., 15:531-566. 


Abstract 
No, 


69 


Reference in 


I,0.4.0r 1.0.17. 


C.4,21:1618 


J.37:464 


J. 40:516 


C.A. 23:583 


J. 40:535 


J. 22:357 


J. 34:469 


C.A. 21:48 
J.36:443 
J.37:464 


C.A, 21:553 
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Reference 


No, 


291 


292 


294 


295 


296 


297 


298 


299 


300 


Year 


1927 


1916 


1922 


1928 


1923 


1890 


1907 


1916 


1917 


1919 


1920 


BEARING METALS 


Author, Title Abstract Roference in 
and Reference No. J., C. A, or I, 0, P. 


Decuerr, E., Phenomena Met with in 
Impure Bronzes. Rev. univ. mines, 
14:30-31. J. 38:638 


MECHANICAL TESTING 
Standardization of Mechanical Testing 


Kam, C. Pọ„ and Rawpon, H. $, 

Standard Test Specimens of Zinc- 

Bronze. (Cu, 88; Tin, 10; Zine, 2.) 

Bur. Standards Tech. Paper No. 59, 

67 pp. LCT. 2:565 
How, H. A, Tests on Bearing Metals. 

Chem. & Met, Eng, 27:1061-1062. B3 
Dannis, I. 8, Test Bars for Non-Fer- 

rous Metals. Dev. met., 25:457-460. 


Tensile and Compression Testing 


Freeman, J. R, Jr, and Branor, 
P. F., The Influence of the Ratio 
of Length to Diameter in the Com- 
pression Testing of Babbitt Metals. 
Proc. Am. Soc. Testing Materials, 
23 (2) 150-155, 94 


Hardness Testing 


Martens, A., Trial of Three Hardness 

Testers, Milt. Material, 8:215-237. LC.T.2:561 
Suore, A. F., An Instrument for Test- 
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ABSTRACTS OF SELECTED PAPERS 


1. Bearing Metal Alloys, ©. B. Dudley, J. Franklin Inst., 133:81-93, 
161-172 (1892). 

The author illustrates the importance of obtaining a low-wear 
bearing metal by referring to the fact that a railroad bearing may lose 
1 pound in weight per 25,000 miles. He states that it is a common belief 
that two metals of the same kind will not work well together in a 
bearing. 

Dudley states the characteristies of a good bearing metal: 

(1) The compressive strength should be sufficient to stand bearing 
loads of 350-400 pounds per sq. in. Compressive stresses are greatest 
when a new bearing is installed with an old shaft. However, as the 
practice is to line the bearing with one-eighth inch of lead, the shaft 
soon seats itself, (2) Bearing metals should not heat easily. The softer 
the alloy the less is the tendency to heat. (3) The metal should work 
well in the foundry. Oxidation should be prevented. Zine or phos- 
phorus helps to produce sound castings. (4) The metal should have 
a low coefficient of friction though this is partly a property of the oil. 
(5) The metal should have a low rate of wear. 

The author gives the compositions of some of the bearing metals 
in common use, 

Service tests on the Pennsylvanıa Railroad are described: A 
standard and an experimental bearing were installed on either end of 
an axle of various rolling stocks. The bearings were weighed before 
installation and after a definite time. A mileage basis was used at 
first, but later simply a standard vs. an experimental. The standard 
metal used was the “S” phosphor bronze, viz., Cu, 79.7: Sn, 10; Pb, 
9.5; P, 0.8. The “S” bronze lost about 1 pound per 18,000 or 25,000 
miles. The mileage basis was not used as the conditions were not 
the same in all the cases, though the bronze itself was uniform in 
quality. 

The behavior to heating was also compared but no measurements 
of friction were made. The results of some of the tests are given in 
the accompanying table. 
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Comparison of Standard and Experimental Bearings. 


—__—____—-Composition--———_-__——__ Relative 

Name Cu Sn Pb P As Wear 
Standard “S? ......... 79.7 10.0 9.5 0.8 s. 1.00 
Arsenic Bronze ....... 79.7 10.0 9.5 ee 08 1.01 
7/1 Bronze ........... 87.5 12.5 see zu un 1.47-1.53 
Arsenic Bronze ....... 89.2 10.0 we vas 08 1.42 
Arsenie Bronze ....... 79.2 10.0 7.0 vee 0.8 1.15 
Ex. K Bronze......... 77.0 10.5 12.5 ves wee 0.92-0.93 
Ex. B Bronze......... 77.0 8.0 150 tae wes 0.865 


The above compositions are average, no allowances being made 
for small amounts of Zn, Fe, Sb, etc. A much larger per cent of the 
7/1 bronze heated than of the “S$”. With arsenic bronze due to fact 
that arsenic may practically take the place of phosphorus, neither 
element has much effect in reducing wear. Phosphorus seems to be 
more valuable in the foundry than in service. No heating trouble 
was had with the “IK” bronze and the rate of wear was much lower. 

After some experimenting, a copper to tin ratio of 9,5:1 was de- 
-cided on as giving the best results as far as bearings were concerned, 
Some evidence was found that the copper could be decreased still 
more. The addition of lead had the same effect as the diminution of 
tin, Ex. B metal had a tensile strength of 24,000 pounds per sq. in. 
against 30,000 pounds per sq. in. for “8S”, while the elongations are 
11 per cent and 6 per cent respectively. Ex, B metal has been put into 
service on the Pennsylvania Railroad as the standard bearing metal 
with a slight modification, te., the addition of phosphorus in the 
foundry, to enable the utilization of a large amount of phosphor-bronze 
scrap. The lead might be increased to advantage, but apparently a 
certain amount of tin is necessary to prevent lead segregation. Ex, B 
metal seems to be about the limit in this direction. 

The formula in use on the Pennsylvania Railroad is: Cu, 105 Ibs,; 
Phosphor bronze (new or scrap), 60 lbs.; Pb, 2514 lbs.; Sn, 934 Ibs. 
The Cu and bronze may be put in the melting pot before placing on 
the melting hole, the Sn and Pb after removing from the fire, 

Dudley’s conclusions are: (1) “That metal which will suffer the 
most distortion without rupture is the one which will wear the best”. 
This quality is usually expressed in figures by the elongation in the 
tensile test. (2) Given a satisfactory elongation an increase in the 
tensile strength will add to the wearing power of the metal, ùe., the 
particles of metal would be harder to tear off. Bearings wear three 
times as fast as axles, but the latter have two to three times the tensile 
strength and a somewhat higher elongation, (3) The metal with the 
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finer grain will have the lower rate of wear, Few data on this point 
are available, 


2. A Study of Alloys Suitable for Bearing Purposes. G. H. 
Clamer, /, Franklin Inst., 156:49-77 (1903). 

The author classifies white metals into eight classes and bronzes 
into five. This paper is limited to alloys suitable for railroad journal 
bearings. The following points are essential: 

(1) Composition. If adjustment could be perfect composition 
would be of little importance as there would be no metal to metal 
contact. This is not the case in practice, however, especially where 
reversal of motion occurs. 

(2) Structure. This depends mostly on the composition, though 
heat treatment may affect the size of the crystals. It has been shown 
that a duplex structure is necessary in the case of a bearing metal. 
In general the harder the surface, the lower the coefficient of friction 
and the lower the load at which seizure occurs. In view of this, Cu-Sn 
alloys were used in the early days of railroading, but were unsatis- 
factory as the requisite degree of adjustment could not be maintained. 
Hopkins introduced lead-lined bearings, but a certain degree of plas- 
ticity was still necessary in the back. To secure this, lead was intro- 
duced into the Cu-Sn alloy. 

(3) Friction. The harder the metal the lower the friction, but 
the greater the tendency to heat, beeause of the absence of plasticity. 

(4) Running Temperature. The higher the temperature the 
greater the oil consumption, although the friction is less, provided 
conditions are normal. (High temperature may be caused by friction.) 
In general bronze will operate at a lower temperature than white metal. 

(5) Wear of Bearing. The relation between wear and composition 
presents a wide field for research that is practically unexplored. 

(6) Wear of Journal. It is generally conceded that soft metal 
bearings cause a marked decrease in the life of journals. The author 
quotes Van Alstine, who attributes the short life of English truck 
axles to the fact that they are run on babbitted brasses. 

(7) Compressive Strength. A test of compressive strength is of 
importance In indicating: (a) If the alloy is hard enough to support 
the load without deformation. (b) If the alloy is brittle and will split 
under effects of pressure. (c) H it is sufficiently plastic to suppose rea- 
sonably that it will run cool under aggravated conditions. 
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Chassis or ALLOYS. 

Pb-Sb, These metals alloy in all proportions, the hardness and 
brittleness increasing with the Sb content. The only alloy of this 
system exempt from segregation is the eutectic Pb, 87; Sb, 13, which 
has a laminated structure. If Sb is below 13 per cent, Pb is in excess; 
while if Sb is over 13 per cent, Sb crystals appear which rise to the 
surface if the melt is slowly cooled. (Density of Sb = 4.5, density of 
eutectic = 10,48.) Charpy claims that the alloys with 15-25 per cent 
Sb are best for bearings, but the author does not quite agree with this. 
Although the friction is: greater below 13 per cent Sb, the wear is less 
if the load is light. Here alloys with 8-12 per cent Sb are much superior, 
not having to be renewed so often. According to our work, Pb is the 
best wear-resisting metal and wear increases with Sb content along 
with the hardness and brittleness. This is due to the splitting up of 
the harder particles. Friction decreases with an increase in Sb content. 
Journal wear is probably due to the fact that the worn-off particles 
of the steel become embedded in the bearing, causing it to act as a lap. 

Pb-Sb-Sn. For high pressures, Sn is a very valuable addition to 
a bearing metal. It gives the alloy rigidity and hardness without in- 
creasing the brittleness. Complete structure of the system has not been 
worked out to date. Besides the metals in a pure state there is also 
present the compound SbSn which, occurring in cuboid crystals, 
gives a coarser structure fo the fine-grained antimonial lead of com- 
merce, 

Sn-Sb, The structure from 5 to 45 per cent Sb is free Sn in a 
matrix probably composed partly of SbSn or SbSn,. These alloys are 
seldom used for bearing metals. 

Sn-Sb-Cu. Genuine Babbitt—Sn, 89.1; Sb, 7.4; Cu, 3.7—is due to 
Isaac Babbitt (1839), the first man to conceive of lining bearings with 
a fusible metal. It is the standard of excellence, but is often used where 
a cheaper meta] would do as well. The structure is: cuboid crystals 
Sn, 90; Sb, 10, and a white bronze Sn, 90; Cu, 10, forming radial clus- 
ters or bright rods composed of hexagonal flakes. The matrix is nearly 
pure Sn. 

Sn-Sb-Pb-Cu. Pb in small amounts renders the alloy harder, 
stiffer, lowers the melting point and improves it in every way. 

The above white metals are more important than those containing 
Zu. Zn tends to adhere to the steel journal even when slightly heated, 
Zn alloys also tend to become brittle when heated. 
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BRONZES. 


The author gives a description of the Carpenter friction testing 
machine which he has used for testing a series of bronzes. The journal 
was lubricated by means of waste held to the under side. 

Cu-Sn. Up to 30 per cent the alloy is hardened by Sn, but above 
this the alloy becomes more like Sn, Bearing allays lic between 3 and 
15 per cent Sn. If the Sn is above 15 per cent there is no plasticity, 
and seizure occurs if the adjustment is not perfect. The alloy which 
is least liable to heat and cause trouble is the one which will stand 
the greatest amount of abuse. Enthusiasts for hard metals have even 
proposed glass bearings. These might give satisfaction as the jewels 
of a watch but would hardly stand locomotive service. 

Cu, 85; Sn, 15. The structure is: SnCu, crystals, pure Cu den- 
drites and a large area af the eutectic Cu, 73; Sn, 27. It has the lowest 
friction and wears the fastest of the Sn bronzes tested. 

Cu, 90; Sn, 10. This has a greater amount of Cu and a lesser 
amount of eutectic. 

Cu, 95; Sn, 6. This has a large amount of Cu and a small amount 
of eutectic, It has the highest friction and the lowest rate of wear. 

Dudley, to whom, more than any one else a sound knowledge of 
bearing bronzes is due, says, “The rate of wear diminishes with dimi- 
nution of Sn” (see Abstract No. 1). The author’s work confirms this, 

Cu-Sn-Pb is now recognized as the standard bearing metal. It is 
less liable to heat and wears less. Results of tests on this system are 
tabulated. The author’s work is merely confirmatory of past researches. 
As and P apparently have no effect on the wearing qualities. 

Cu, 90; Sn, 4; Pb, § The structure is pure Cu, pure Pb held 
mechanically, Cu -+ SnCu, eutectic or possibly a double eutectic. 

Cu, 85; Sn, 6; Pb 10 and Cu, 80; Sn, 6; Pb 18 have a similar 
microstructure but with increasing amounts of free Pb, 

It seems desirable to obtain alloys with as high a lead content as 
possible. The best Dudley could do was his Iéx. B alloy: Cu, 78; Sn, 7; 
Pb, 15. Dudley found that a certain amount of Sn was necessary to 
hold the Pb in the Cu, 

_ The author and his associates found experimentally that a certain 
amount of Sn was necessary to prevent Pb segregation and alsa to 
give the alloy the requisite compressive strength, but that a greater 
amount of Sn was detrimental. ‘We were able to produce Cu, 65; Pb, 
30; Sn, 5, but not Cu, 63.5-64; Pb, 30; Sn, 6-6.5; nor could we produce 
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a casting containing over 20 per cent Pb if the Sn was more than 7 
per cent. 

This seems strange, as the reverse would be expected. The most 
satisfactory explanation seems to be that contained in the claims of 
the patent which covers this alloy. As the amount of eutectic increases 
with the amount of Sn, the freezing time is also increased and conse- 
quently the Pb has a greater chance to segregate, 

Tf no eutectic is present, solidification takes place soon after pour- 
ing into the mold and entraps the still liquid Pb. The proportions 
given in the patent might be deviated from for small castings, but 
for large scale work, the only satisfactory results can be obtained 
with Pb over 20 if the Sn is less than 7 per cent. 

As chill castings are not always practicable, it is desirable to find 
some additional way of making the alloy set quickly for use in the 
case of sand casting. Nickel from 0.5 to 1 per cent was found to do 
this. 
This alloy called “Plastic Bronze” is now a commercial article, 
over 4,000,000 pounds being produced in the last three years. Some 
castings weighed over 1000 pounds. The author claims the castings are 
sharp, clean and easy to machinc. He gives the results of a series of 
friction tests, 

The alloy adopted for the best from all points of view, consistent 
with strength and best foundry results is Cu, 64; Sn, 5; Pb, 30; Ni, 1. 
This alloy possesses plasticity, resembling babbitt. It has proved satis- 
factory in service. 

Several other classes of bronzes contain Zn, and are frequently 
made from junk. Zn, however, is not desirable as it increases the rate 
of wear and tends to segregate the Pb. Wear tests are tabulated. Such 
metals form a large part of the railroad equipment in bearings. 

We have recently put in operation a patented process for refining 
Cu-Sn-Pb alloys containing Zn and other electropositive metals. 


3. Bearing Metals. A. Hague, Engineering, 89:826-829 (1910). 

The author lists the most important properties of bearing metals: 

(1) Coeficient of Friction, The metal should have a low coeffi- 
cient of friction, and its surface should be highly finished, for only in 
this way can static friction be reduced, In this respect, there should be, 
as nearly as possible, an approach to rolling friction, Beyond a cer- 
tain low speed, about 10 feet per min., the advantage of a roller 
bearing ceases, and a theoretically perfect journal bearing should 
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not have a higher coefficient of kinetic friction than any other type. 
As the speed increases there should be a sudden drop in friction at 
10 feet per min. Tower shows that this is due to the formation of an 
oil wedge forcing the surfaces apart and preventing inctallic contact. 
In the ideal case the friction is essentially fluid friction, but this is 
rarely attained in practice, and the bearing metal has to reveal its 
qualities, 

It should be mentioned that a bearing should incline gradually 
from the point of no pressure, where the oil enters, to the point of 
maximum pressure, where the film needs to be thickest. 

Above a certain pressure oil is squeezed out, metallic contact occurs 
and the properties of the bearing metal are best demonstrated. 

(2) Compressive Strength. The metal should have sufficient com- 
pressive strength to withstand high pressure. The compressive strength 
should not be less than 9000 pounds per sq. in. for white metals, and 
not less than 13,000 pounds per sq. in. for metal for connecting rod 
bearings. 

The harder the bearing metal the less the friction if the load is 
evenly distributed, and the greater the load causing seizure, This led 
to the introduction of bronzes which were unexcelled up to about 1890. 

(3) Durability. It is important for a bearing metal to have a low 
coefficient of friction and a high degree of durability, The slowest 
wearing metal may have the highest coefficient of friction. This is 
exactly the case with lead. For low running temperature, it is well to 
avoid lead entirely. 

(4) Low Running Temperature. Where this is important, as in 
the case of high speed machinery, it is necessary to use a metal of 
low specific heat and high thermal conductivity. High tin alloys are 
better than high lead alloys in this respect. 

(5) Minimum Wear of Shaft. White metals are superior here as 
they do not score the shaft if the lubrication is insufficient. 

(6) Good Behavior under Irritating Circumstances. This chiefly 
concerns the safeguarding of the shaft from deterioration. 

(7) Base in Fixing and Replacing. 

(8) Resistance to Corrosion. This applies especially to that of 
the lubricant, Sn and Sb resist entirely, Fe, Cu, Pb, and Zn corrode in 
the order named, Zn being quite the worst. 

(9) Cost. 

In preparing a new alloy, a close agreement between coefficients of 
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expansion of the shaft and the bearing should be aimed at, as on heat- 
ing the bearing is liable to seize. 


Ricip Bronzzs. 

When well fitted, these will run cooler and with less friction than 
any other bearing metals. They will also stand greater pressure, though 
this is of little importance, for beyond a certain pressure, which white 
metals and plastic bronzes can easily withstand, lubrication is inter- 
fered with, and dry bearings are rarely used. On the other hand, these 
bronzes wear the most of all, which has caused them to be replaced 
in America largely by plastic bronzes or white metal-lined bearings. 

The hardness of true bronzes increases with the amount of tin, 
but 20 per cent is about the limit. If the tin content is greater than 
this, the alloy is too brittle to be satisfactory. 

Bronzes with over 6 per cent Sn consist of a portion high in Cu, 
surrounded by a high Sn eutectic. This latter is very hard. The former 
is a solid solution of Sn in Cu and solidifies first, The eutectic probably 
forms the principal bearing surface, but when it forms too large a 
proportion of the alloy, this becomes brittle. 

Bronze is notoriously difficult to cast, and to improve it in this 
respect the general practice is to add 1 to 2 per cent Zn. This probably 
acts as a mild deoxidiser, and in any case makes the metal more fluid, 
gives soundness to it and better machining qualities. 

Admiralty gun metal (Cu, 88; Zn, 10; Sn, 2) is used im the Bir- 
mingham power station for small unimportant bearings, and with 
white metal linings for all others. Zn up to 14 per cent is used as a 
cheapening addition, but cannot be recommended for good work as 
it makes the alloy wear badly. The introduction of phosphorus as a 
deoxidiser is a decided improvement, as it makes the alloy closer 
grained, harder and more homogeneous. Si is also used for this pur- 
pose, Arsenic is sometimes used as a deoxidizer, but possesses no 
especial advantage, and is dangerous to use in the foundry. 

It used to be the practice to add 1-2 per cent phosphorus to the 
new metal with view of pradual reduction on subsequent remeltings. 
Such alloys, however, gave bad results. It was found that phosphorus 
did not appear to decrease on remelting. In the first casting a very 
stable phosphide was formed, which segregated on remelting to form 
bunches of very hard crystals throughout the alloy. These cut the 
journal badly and caused excessive heating. Therefore it is essential 
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to have just sufficient phosphorus to oxidize the impurities and to pass 
into the slag. Any excess is to be avoided. 

The great disadvantage of rigid bronzes is their lack of plasticity. 
The surface is worn only at the expense of almost certain deterioration 
of the shaft or axle, leading to heating. 


Prastice Warre METALS. 


In the case of modern high class stationary engines, with very 
perfect forced lubrication, the nature of the metal is of little conse- 
quence as far as antifrictional or wear properties are concerned, but 
the use of white metal linings allows of easy, accurate adjustment 
and the lining molds itself under the pressure so that it presents its 
whole surface to the load. In the case of overheating, the white metal 
may partially fuse without damaging the shaft. 

Lead linings were introduced by Hopkins but were found to be 
too plastic for this purpose. Sb was used as a hardener, Ternary alloys 
of the system Pb-Sb-Sn were found to be better than straight anthi- 
monial lead. Although these alloys do not get rid of the heat developed 
as rapidly as bronze, the advantages of a plastic metal may be ob- 
tained if larger or longer bearings are used. Also, high tin white metals 
are little behind bronze in regard to heat dissipation, 

The name “antifriction” applied to white metals is somewhat of 
a misnomer as they have higher coefficients of friction than bronze. 
The name is due rather to the decrease in the number of hot boxes 
resulting from their use. In railroad service, the number of hot boxes 
with white metal linings was less than half that with bronze boxes. 

Both plasticity and hardness are obtained by a duplex structure 
of hard grains embedded in a plastic matrix. These grains wear slightly 
in relief and serve to distribute the oil evenly over the surface. 

Pb-Sb. The useful range is 13-25 per cent Sb. The friction de- 
creases with Sb and the rate of wear increases. Hardness is obtained 
only with a certain degree of brittleness, and wear takes place by 
splitting of the harder grains. 

Sn-Sb. These alloys contain cubic crystals of the compound SnSb, 
which are not as brittle as pure Sb, though nearly as hard. The com- 
pound also enters the matrix and gives the alloy a high compressive 
strength. These alloys are rarely used in practice, being no more 
satisfactory than some of the cheaper ternary alloys. 

Sn-Sb-Cu. This system includes genuine babbitt, which has the 
highest compressive strength of any satisfactory bearing metal and ` 
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runs at the lowest temperature, resulting in a saving of oil. The alloys 
consist of crystals of a Cu-Sn compound, the SnSb cubes of the 
previous system, and a Sn rich matrix containing 95-97 per cent Sn. 
If lightly polished with an abrasive powder, say rouge, the Cu-Sn 
stands slightly in relicf, while if considerable pressure is applied, as 
in the case of a bearing which has been in service some time, the cubes 
stand in relief. This is probably due to the disintegration of the 
needles under pressure. The Cu-Sn needles seem to have a sub-surface 
function in helping to stiffen the matrix. If the Sb is less than 4 per 
cent, no cubes are formed, and if the Sn is less than 2 per cent, no - 
needles are formed. The limiting range in practice is Cu, 2-10 per cent; 
Sb, 8-15 per cent. If the Cu is greater than 10 per cent or the Sb greater 
than 15 per cent, the alloys are too brittle. 

Pb-Sb-Sn. By the addition of Sn to Pb-Sb, the brittleness of the 
Sb grains is modified by the presence in solid solution of the compound 
SbSn. This compound also hardens the matrix and increases the eom- 
pressive strength. The rate of wear is less than that of Sn-Sb-Cu. Heat 
is nob dissipated as rapidly as in the high Sn alloys, therefore the 
system is not recommended for high speeds. The compressive strength 
is comparatively low, between that of Pb-Sb and genuine babbitt. 
The financial limit to Sn is 45 per cent and the practical limit to Sb 
is 20 per cent. They should contain at least 10 per cent each of Sn 
and Sb. 

Pb-Cu-Sb. Sb prevents segregation if the Cu is not over 10 per 
cent. The compound SbCu,, which erystallizes in needles, is formed 
and is also found in the matrix as a toughening constituent. Cubes 
of Sb, if this is not under 15 per cent, fulfill the greater part of the 
bearing duty. The practical range is Sb, 14-25 per cent; Cu, 4-10 per 
cent. These alloys are not largely used, as the compressive strength 
is low and they tend to segregate, 

Sn-Zn-Sb. The constituents are: Zn, Sn and a compound of Zn 
and Sb. The latter is the hard constituent and should crystallize out 
first, Primary crystallization of Zn is to be avoided as Zn grips the 
shaft easily. Alloys in which the compound crystallizes out first con- 
tain 10-15 per cent Sb and 10-15 per cent Sn. Sn helps to diminish 
the brittleness. The remarkable point of these alloys is their high 
- compressive strength. They are comparatively cheap, but difficult to 
east. The volatility of Zn is aggravated by the presence of Sb. Zn is 
rapidly coming to be recognized as an undesirable constituent for 
four reasons: (a) it is easily corroded by lubricant; (b) it galvanizes 
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the journal; (c) overheating causes brittleness; (d) its wear is rela- 
tively great. 

Arsenic is often used up to 1 per cent. It produces a fine-grained 
fracture and custings free from blow-holes, which probably accounts 
for the extensive sale of such alloys although their wearing qualities 
are decreased and they are less hard and tough. P, KCN, and Na are 
also used to small extent. Hg up to 5-6 per cent has been used for 
ship propeller bearings, probably with a view of resisting wetting. An 
eminent engineer has recommended the addition of Mn as Cu-Ma 
for the bearings of hydraulic machinery which are liable to be exposed 
to chemicals which would corrode ordinary alloys. 

Goodman found that the addition of 0.2 per cent Bi to Pb-Sb-Sn 
decreased the frictional resistance over one-half, but this was increased 
again on the addition of more Bi. A minute quantity of an impurity 
reduces friction if the atomic volume is greater than that of the alloy. 
The converse is also true. 

The casting temperature of white metals should not exceed the 
melting point of Zn as the metal is liable to oxidize, forming hard 
grains. By casting around a cold core, too great a proportion of the 
hardening constituents are held in the matrix. Good practice is to 
preheat the core to 212° F. (100° G.). Chill casting is not recom- 
mended as it brings the matrix, which is still comparatively soft 
(though it is stiffened) too much into prominence as the actual bearing 
constituent. Chill castings are liable to be brittle and contain internal 
strains. If the rate of cooling is toa slow, the cubes are liable to be too 
large and tend to segregate. The author cites the work of Behrens on 
grain size, 


Puastic BRONZES. 


These are not much used in England, though they are used widely 
in America. According to Charpy the black areas seen under the micro- 
scope are cavities filled with Pb crystals. This is confirmed by the 
fact that the density is less than that computed from the composition. 
Tbe Pb content of these bronzes has recently been increased up to 
30 per cent, The author eites Carpenter’s tests, He mentions Dudley’s 
Ex. B metal as the standard bearing metal in this elass, 

To inelude more lead than this alloy (Cu, 78; Pb, 15; Sn, 7) con- 
tains, contrary to expectation, the amount of Sn must be reduced. If 
the Sn is reduced to 5 per cent the Pb may be increased to 30 per cent 
without segregating. This is probably due to the action of the Cu-Sn 
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eutectic. If Sn is less than 5 per cent, no eutectic is formed and the 
metal sets soon after entering the mold, thus trapping the Pb. When 
the eutectic is present it remains liquid a long time after the main 
bulk of the alloy is solid, giving the Pb opportunity to sink to the 
bottom. The alloy Cu, 65; Pb, 30; Sn, 5 is now on the market. It is 
advantageous to cast it in chill molds if this is possible, to guard 
against segregation. If this is impracticable, rapid setting may be in- 
duced by the addition of 1 per cent Ni in the form of Cu-Ni. Zn is 
highly objectionable, as it increases the amount of wear and favors 
the segregation of Pb. 


4. The Nature and Constituents of Bearing Metals. R. R. Clarke, 
Brass World, 10:411-413, 458-460 (1914). 

Friction and wear are a direct consequence of motion between 
metallic surfaces in contact, while heating is an indirect consequence. 
The frictional heating quality of a metal may be estimated by a ham- 
mering test. Pb, when fattened out by quick hard blows, becomes 
warm, Sn still warmer, Cu and Zn burning hot. Wear consists in the 
tearing off particles of metal, and heat is developed in their separa- 
tion. Heat is also developed when molecular distances are changed by 
hammering. 

Equality of action and reaction prohibits making the journal and 
the bearings of the same material. Their ease of renewal decicles that 
the latter shall take the wear. 

Cu is the chief constituent of bearing metals as distinguished from 
lining metals, though few metals are less suitable than pure Cu, The 
addition of Sn gives strength and reduces the malleability and the 
adhesive qualities. The addition of Pb renders the alloy antifrictional 
and plastic, though it makes the task of the foundryman more diffi- 
cult. In quantities above 4 per cent, Pb sogregates if other elements 
or special methods are not used. The author has little faith in the 
addition of Ni, or Fe-Mn, or in alloys containing over 20 per cent Pb. 
The use of S presupposes special foundry methods. A lining metal 
containing up to 60 per cent Ph may be used, though above 4 per cent 
the union is merely mechanical, and it is realized only by continual 
stirring. Stirring may eliminate segregation but not Pb sweat. This 
latte? is caused by the already solidified Cu contracting and squeez- 
ing out the still liquid Pb. . 

Types of bearmg metals were developed in the following order: 
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Cu-Sn, Cu-Sn-Pb (Sn= Pb), Cu-Sn-Pb-P, Cu-Pb-Sn (Pb > Sn}, 
Cu-Pb-Sn-Ni. 

The author mentions Ex. B metal though not by name, also the 
critical ratio Cu:Sn = 91:9 discovered by Clamer. The author does 
not involve himself in this argument except to say that Clamer’s point 
seems to be confirmed. 

Ex. B metal gives foundrymen less difficulty than some of the 
newer Cu-Pb-Sn alloys, and yields more homogeneous castings. 
Alloys with high Pb overtax the best foundry practice. These alloys 
ave easily oxidized and P may be used as deoxidiser only if the alloys 
contain less than 15 per cent Ph. 

Ni hardens and strengthens the alloy, The author has had no 
experience with foundry difficulties due to its use. 

Due to mechanical conditions linings are sometimes necessary, 
Pure Sn has some value as a lining metal in spite of its adhesive quali- 
ties, The author gives some bearing metal formulas. 


5. The Chemist and the Brass Founder. R. T. Rolfe, Proe. Brit, 
Foundrymen’s Assoc., 12:88-108 (1914-1915). 

This article is a lecture on the properties of, and the manufacture 
of Admiralty gun metal and bearing metals. The proper structure for 
a bearing metal is one of hard grains embedded in a plastic matrix. 
Therefore we should alloy a soft metal such as lead with one capable 
of forming hard compounds, which erystallise out in the ground mass, 

A phosphor bronze used for electrical machinery bearings, viz. 
Cu, 85; Sn, 14.4; P, 0.6 is considered. The structure is very similar to 
that of Admiralty gun metal and contains the compound Cu,8n. 
(Ultimate tensile strength = 11-14 tons/sq. in., elongation (in tensile 
test) = 10-1 per cent), When the P content is vore 0.2 per cent, Cu,Sn 
is mixed with CuP, forming possibly a double eutectic. The matrix 
is a solid solution of Sn in Cu and is the softest constituent. The CuP 
is the hardest. The matrix is much harder than that of the Pb and Sn 
base alloys and tends to score the journal when used in a bearing, 
therefore it should be used for this purpose only where it is possible 
to have extreme accuracy of adjustment. It has great hardness and 
resistance to wear and a low coefticient of friction. The soft parts wear 
down leaving the hard CuP in relief. It is not suitable for bearings of 
a long shaft supported in several places. Pb may be added to phosphor 
bronze and the matrix will contain particles of segregated lead. 

For engine bearings, an important bearing metal is Admiralty white 
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metal: Sn; Sb, 8-9; Cu, 2-7 per cent. Two compounds are present, 
SnSb cubes and Cu,Sn needles. The hardness increases with the Sb 
content. If the cubes beeome numerous enough to touch each other 
they take part of the load and the alloy will be a brittle onc. Addition 
of Sn to alloys of the binary system Pb-Sb increases the rigidity and 
hardness. Pb-Sn-Sb alloys are not really satisfactory for heavily 
loaded bearings. A brittle eutectic of all three metals may be present, 
The SnSb cubes do not occur if the Pb content is greater than 81 
per cent. 

The above white metals must be rapidly coaled to prevent segrega- 
tion but too rapid cooling produces a too fine structure, the metal being 
practically homogeneous. 


6. Bearing Metals and Their Technological Application, J, Czoch- 
ralski, Z. Metalikunde, 12:371-403 (1920). 

This paper discusses the properties and preparation of five bearing 
alloys: (1) A Cu base alloy containing 10 per cent Sn and Zn, Pb, P, 
ete.; (2) a tin base wlute metal containing 15 per cent Sb, 5 per cent 
Cu, Pb, ete.; (3) a lead base white metal containing 15 per cent Sb, 5 
per cent Sn; (4) a Ba bearing alloy containing 3 per cent Ba; (5) a Ca 
bearing alloy consisting of Pb with 2.5 per cent Ca plus some Na, Cd, 

.Cu, or Sn. 

The struetures of all these alloys have not been completely deter- 
mined as yet. The Cu alloys usually contain a single kind of erystal 
Cu-Sn, holding the other components in solid solution. The structure 
of the Pb and Sn alloys has been well cleared up by the work of Heyn 
and Bauer. The hard crystals in both of these systems are of Sn-Sb 
and the matrix of « solid solution (Sn + 7.5 per cent Sb) in case of 
the Sn base alloys; and of a double eutectic in the case of the Pb 
base alloys. This eutectic consists of Pb-+ $Sb-Sn (10 per cent Sn) 
and Pb + öSb-Sn (50 per cent Sn). 

The necessity for a duplex structure is illustrated by a Cu-Sn alloy, 
which originally showed harder and softer constituents and was suit- 
able for a bearing alloy. This was then made homogeneous by anneal- 
ing but when used as a bearing, seizure resulted. For the same reason, 
large grain size is not desirable. However, not all alloys with hetero- 
geneous structure are good bearing metals. 

In the running in of Cu-Sn bearings this occurs by polishing off 
irregularities, but in the tin base white metals by the yielding of the 
matrix. The latter are more plastic and less liable to damage the shaft. 
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Lead base alloys have a lower load capacity which is liable to be 
still further reduced by the tendency of the lead to concentrate in 
“islands”. 

Photomicrographs are given for each of these alloys in the normal 
and the overheated (coarse-grained) eondition. 

The Pb base alloys have the greatest tendency to segregation. 
Cavitation is liable to occur in the Cu-Sn alloys. 

Burning produces deleterious effects. A bronze containing tin oxide 
is brittle and wears rapidly. Repeated melting and the melting of serap 
should be done under a layer of charcoal. Bi, As, Sb, Cd, Al, and Fe 
are probable harmful impurities in bronze. 

The same precautions are to be observed in melting tin base alloys. 
Harmful impurities are Zn and nictals of the Al, alkaline earth and 
alkali groups. 

Burning of Pb base metals causes reduction of the Sb content with 
consequent brittleness and the loss of antifrictional properties. Burn- 
ing causes a loss of Ca and Ba in alloys containing these metals. Such 
alloys are also more sensitive to prolonged overheating especially with 
an excess of air. Curves are given showing the effect on the Brinell 
hardness number of duration of heating up to 15 hours; the tempera- 
tures, however, are not given. In the ease of the Ba alloy, damp 
charcoal is worse than none. 

Diagrams are given showing various furnaces, melting pots, mold- 
ing devices, ete, 

The specific gravity of the Cu and Sn base alloys lies between 7 
and 9, that of the Pb base alloys between 10 and 11. The shrinkage 
amounts to about 0.6 per cent for Sn and Pb base alloys, 0.9 per cent 
for Ca and Ba alloys and 1.5 per cent for bronzes. More care then 
must be used that linings of Ca and Ba alloys do not become loose 
after casting. The bearing shell must be roughened and undercut to 
hold the lining in place. Hammering with a cylindrical peen hammer 
is also advised to seat linings of these alloys firmly. 

Load-teniperature curves are given for service tests on the five 
alloys. The elastic limits in compression are: bronze, 14,000 pounds 
per sq. in.; Sn base, 2700 pounds per sq, in.; Pb base, 1300 pounds 
per sq. in.; Ba alloy, 4800 pounds per sq. in.; Ca alloy, 3700 pounds 
per sq. in. Cylinders of these metals show without eracking the fol- 
lowing compressions expressed in percentage: Ba alloy, 56; Cu-Sn, 
55; Pb base, 46; Sn base, 33; Ca alloy, 25. Hardness vs. temperature 
curves are given. The hardness increases with the melting point. 
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Under some conditions of service the Ba alloy compares favorably 
with the bronzes and white metals. Only about 20 per cent the num- 
ber of hot boxes were obtained on the locomotives of one railroad as 
with white metal. 


7. A New Bearing Metal. L. Sempell, Mctallurgie, 4:667-670 (1907). 

The choice of a bearing metal should be of importance only when 
lubrication is incomplete. The author cites explanations of Rennie. 
A critical load exists, above which the friction increases rapidly. The 
load necessary to produce scoring is proportional to the hardness, 
while friction is inversely proportional to the hardness. The use of a 
very hard surface is of advantage, however, only if lubrication ts 
incomplete and the surfaces are perfectly fitted. The usual reasons for 
a duplex structure are given. 

A bearing metal which is generally recognized to be excellent has 
the composition: Sn, 83.3; Sb, 11.1; Cu, 5.55. Experiments of Salomon 
are referred to. For interpretation of the cooling curve see the work 
of Goerens. The constituents of the alloy are Sn, SnSb, and SnCug, no 
ternary compounds being present. The author confirmed the existence 
of the above compounds. 

The author made the following tests: Brinell hardness, and abra- 
sion test. The test piece was mounted on a lever and pressed with a 
known force against a cast iron disk mounted in a lathe. The disk 
rotated at 300 revolutions per min., giving a surface speed of 10,000 
meters per hour. The load was 60 kilograms, the test piece area 1 
sq. cm. The lubricant was oil containing a little powdered emery. 

In the course of his experiments the author came upon the alloy 
Al, 91-94; Cu, 9-6, which offers some promise as a bearing metal. The 
properties of the two alloys are as follows: 


Composition and Properties of Alloys, 


Melting Depth of Ball Loss in 
Alloy Point Impression Weight, em /hr, 
C. Mm. Grams 
Su, 83.3; Sb, 11.1; Cu, 5.55.,.. 225 1.68 001 
AL 91H; Cu Ihe 628 0.81 0.003 


8. Aluminum-Copper Bearings. Anonymous, Engineer, 112:489 
(1911). . 
Bearings of the alloy Al, 92; Cu, 8 have been used for service 
up to 50,000 miles on the Northern Railroad of France without a trace 
of wear. This alloy has proved economical because of the lightness 
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of the metal. However, in experiments on the Lancashire and York- 
shire Railroad, difficulty was experieneed in propéerly bedding the hear- 
ings to the journals on account of the hard and brittle nature of the 
alloy. It was hard to prevent heating under normal running conditions. 


9. Experiments with Substitute Bearing Metals at the Laboratory 
of the Air Service Arsenal in Vienna. “Praetorius”, Motor- 
wagen, 23:44-46 (1920). 

The results of service tests of substitute bearing metals in airplane 
engines are given. 

Several Al allays were tried for the main bearings of a 100 horse- 
power Mercedes. Alloys containing 70-90 per cent Al and 10-15 per 
cent Cu did not give good service, the bearings burnt ancl scored the 
shaft, due to presence of the hard constituent CuAl.. Alloys containing 
80-95.5 per cent Al and not more than 8 per cent Cu were satisfactory 
up to 1200 revolutions per min., but on full throttle the behavior was 
the same as above. 

Bearings of Zn, 54; Sn, 25; Al, 20; Cu, 1 were slightly worn in test 
but the shaft was badly scored, due to presence of CuAl.. Similar 
results on Zn, 87.5; Cu, 6.25; Al, 6.15 at 1000 revolutions per min. for 
3 hours were obtained. Zn, 76; Sn, 18; Cu, 6 likewise scored the 
shaft but was little worn itself. 

Lead base alloys were tried, both for main and connecting rod 
bearings. Pb, 18-80; Sn, 6-68; Sb, 3-15.4; Cu, 0-6 proved fairly satis- 
factory after 50 hours’ service. Small cracks appeared in two cases 
and were ascribed to faulty casting practice, 


10. Aluminium Alloys as Bearing Metals. Supt. Royal Aircraft 
Factory, Light Alloys Sub-Committee Report, British Acro- 
nautical Research Committee, 1921, pp. 321-328. 

Specimens of three light alloys, viz., Al, 91; Cu, 7; Zn, 1; Sn, 1; 
Al, 85; Cu, 14; Mn, 1, and Al, 77; Zn, 20; Cu, 3 were tested as bear- 
ings in a friction machine. When the temperature is maintained at 
120° F. (49° C.) the frictional resistance of these metals is roughly 
twice that of white metal and the maximum bearing pressure only 
one-quarter that possible with white metal. Load-friction and load- 
temperature rise curves are given. 

With these alloys a complete film of oil was never present and 
seizure occurred as soon as lubrication failed in any way. 

Tests made in single and eight cylinder test engines at the Royal 
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Aircraft, Factory indicate that as a material for wrist pin bushings 
both duralumin and Al, 77; Zn, 20; Cu, 3 are satisfactory if the bush 
is allowed to float in the small end of the connecting rod and on the 
wrist pin. 


11. Duralumin for Gears. R. W. Daniels, Metal Ind. (London), 
19:426 (1921). (Paper read before the American Gear Mfrs. 
Assoc.) 

The author described duralumin as an ideal material for worm 
wheels provided the bearing and wearing qualities were satisfactory. 
Comparative tests of duralumin against genuine babbitt bearings 
showed that for shaft speed over 700 revolutions per min. and loads 
over 200 pounds per sq. in. the duralumin bearings have less friction, 
remain cooler and show practically no loss of weight under the most 
severe conditions. It is needless to say that for the lower loads and 
_ speeds that babbitt is superior. 

A number of duralumin worm wheels have been in service two years 
without failure on 1 to 3.5 ton trucks. . 

In the discussion the author pointed out that for casting, duralumin 
had to be die cast, therefore it was necessary to produce in quantity 
to compete with bronze. Bearings of this alloy should not be uscd on 
soft steel shafts but can be used on hard ones. It does not compare 
with babbitt but with bronze, 


12, Aluminum Base Metal for Motor Bearings Gives Low Cost. 
A. B. Creelman, Elec. Ry. J., 60:79 (1922). 


Bearings of “Elmore U. S. Metal”, an aluminum base alloy, wore 
as well as bronze bearings for one year in clectric railway motor service 
where the use of babbitt was a failure, The net cost of these bearings 
was only 12 per cent that of bronze. 


13. Bronze Bearing Metals. (Symposium on the Conservation of 
Tin.) G. H. Clamer, Trans. Am. Inst. Mining Met. Eng., 
60:162-166 (1919). 

The author traces the development of bronze bearings from the old 
90-10 alloy which gave much trouble in cutting and heating. Dudley 
studied the effect of replacing both Cu and Sn partially by Pb. He 
concluded that the rate of wear diminished with increasing lead con- 
tent, and with decreasing tin content. The highest lead alloy he 
succeeded in making, “Ex, B. Metal,” was: Cu, 77; Sn, 8; Pb, 15. 
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It is now possible to produce alloys such as Cu, 65; Sn, 5; Pb, 30 
which do not segregate even in large bearings. This alloy does not have 
great enough resistance to compression for certain mill bearings, where 
a Cu, 73; 8n, 7; Pb, 20 alloy can be used instead. This, however, is not 
strong enough for the rod bearings of heavy locomotives, but Cu, 80; 
Sn, 10; Pb, 10 can be used. The alloy may contain 1 per cent P. The 
alloy with 30 per cent Pb has given good service in car bearings. (See 
United States Railroad Administration Specifications.) 

If Sb is substituted for Sn, hardness is obtained at the expense of 
ductility. Castings are not so satisfactory, being rough and showing 
globules of Pb on the surface. Ni may be used to advantage, Zn is 
unsatisfactory, and Al worthless. 


13a. Wear and Mechanical Properties of Railroad Bearing 
Bronzes at Different Temperatures. H. J. French, 8. J. 
Rosenberg, W. LeC. Harbaugh, and H. C. Cross, Bur. Stand- 
ards J. Research, 1:348-421 (1928). 

The results are given of an extensive investigation at the Bureau 
of Standards on the properties of bearing bronzes. One of the pur- 
poses of this investigation was to find a more rational basis for bear- 
ing metal specifications than hitherto available. The specifications 
used by the various railroads vary widely but the limits of compo- 
sition for any one type are often unnecessarily narrow. 

The bearing metals investigated were copper-tin-lead alloys be- 
longing to two groups, one varying in Jead and the other in tin. Both 
sand-castings and chill-castings were made of each alloy. The investi- 
gation covered wear tests with the Amsler wear-testing machine, sand 
abrasion tests, as well as tensile, single-blow impact and pounding 
tests, at temperatures from 20° to 315° C. 

Wear Tests. Wear tests were made under sliding friction both 
with and without lubrication. A steel disk was rotated (in the Amsler 
machine) against a bronze specimen of the same thickness, having a 
depression milled in its side to fit the disk. Rolling friction tests were 
made by rotating a steel and a bronze disk together in contact and 
in opposite directions at the same speed. Combined rolling and sliding 
friction was obtained by rotating the disks at different speeds. The 
steel disks used were cut from railroad axles; one of which contained 
0.87 per cent carbon and the other 0.44 per cent. 

In the case of lubricated friction, both rolling and sliding, after 
a preliminary running-in period in which appreciable wear occurred, 
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the rate of wear dropped to very low values, which were about the 
same for all of the alloys. It was found as far as the wearing-in 
period was concerned that increase in lead content was accompanied 
by increased wear, work expended and number of revolutions of the 
steel disk. The figures, however, depend to a marked degree on the 
initial condition of the surfaces, the lubricant and the alignment of 
the specimens. The wearing-in period was more marked with the chill- 
cast alloys than with the sand-cast ones. 

With all alloys except that containing only 0. 25 per cent lead, the 
torque fell to relatively low values after wearing-in. The alloy con- 
taining 0.025 per cent lead, while worn-in more rapidly, showed widely 
varying frictional properties. No appreciable wear of the steel could 
be detected. Strain lines were observed on the two of the specimens 
tested under sliding friction and surface flow with the high-lead 
bronzes. 

In the case of wear tests made under dry sliding friction, the 
temperature rose rapidly and marked surface flow of the metal took 
place. The tests were erratic and difficult of interpretation, hence in 
the case of dry friction the investigation was confined to combined 
rolling and sliding friction. 

Film Formation. In addition to changes in the roughness of the 
surface produced by running, surface films were also developed. These 
were of two types, viz., a film appearing to be copper oxide, which was 
most evident on the low-lead alloys, and black film of lead or lead 
compound found on the high-lead alloys. X-ray analysis failed to dis- 
close their exact nature. The authors ascribe some of the erratic 
results obtained to film formation. In some cases the films appear to 
consist of particles torn off from the metal and oxidized. Removal of 
these particles by copper scrapers reduced the tendency to film for- 
mation, hence these were used in all of the wear tests without lubri- 
cation. 

Effect of Composition. In these tests (combined rolling and sliding 
friction) the rate of wear increased after a preliminary wearing-in 
period and assumed a relatively high and constant rate. In the alloys 
having a copper:tin ratio of 92,5:7.5, increase in lead from 0.25 to 5 
per cent increased the wear per unit work and per unit slip, while from 
5-15 per cent lead the wear decreased again, and remained practically 
“constant from 15-25 per cent lead. 

In the alloys having a copper:lead ratio of 84:16, increase in tin 
from 0,7-10 per cent resulted in a great increase in wear per unit work 
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and per unit slip, this being very rapid between 0.7 and 3 per cent tin, 
but less rapid above this point. 

The chill-cast alloys wore much more rapidly than the sand-cast 
ones, with the exception of the copper-lead alloy containing 0.7 per 
cent tin, and the copper-tin alloy containing 0.25 per cent lead for 
which the rates of wear were about the same for the two kinds of 
castings. 

The frictional torque was low at the beginning of each run but soon 
increased and in many cases approached a constant high value, while 
in others it reached a maximum and then gradually decreased. In 
general the average torque increased with decrease in wear per unit 
work after the wearing-in period. 

The low-tin copper-lead alloys and the low-lead copper-tin alloys 
exhibited surface roughening with ridges and also a flat wheel effect 
which resulted in heavy pounding, In other cases the surface was not 
so rough and in some a film was formed. Transitory films which did 
not affect the rate of wear were also observed with most of the alloys. 
Smooth surfaces were observed oftener on the sand-cast than on the 
chill-cast alloys. Very stable films were formed on sand-cast bronzes 
containing 15 per cent lead. In some cases fragmentation of the metal 
immediately under the worn surface was observed, Stable films gen- 
erally decreased the rate of wear while the torque was decreased with 
both transitory and stable films. The torque was much higher for the 
low-lead alloys than for those containing 10-25 per cent lead. 

Reproducibility of Wear Tests. Specimens from the same casting 
were run in the Amsler machine by two different observers, the second 
observer interchanging the steel disk with the bronze specimen. Close 
checks were obtained except with the low-tin alloy where it was not 
possible to go beyond the wearing-in period due to flat wheel effect, 
and pounding. 

Unlubricated Wear Tests at Elevated Temperatures. Wear tests 
were also made at 80° C. and 175° C. In the case of bronzes with 
varying lead content, the curves for tlıe different alloys were similar 
above 5 per cent lead, but below this lead content the wear rate at 
atmospheric temperature decreased with lead content while that at 
elevated temperatures increased. No explanations are given but it is 
stated that the results were reproducible. 

Except in the case of the bronze containing 0.25 per cent lead the 
chill-castings had a higher rate of wear than the sand-castings, and 
also wore in more rapidly. 
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In the case of the bronzes with varying tin content, the increase 
in rate of wear due to increase in temperature is less in the bronze 
containing 10 per cent tin than in those containing 2.5 per cent tin 
or less. The chill-castings wore faster than the sand-castings in every 
case. 

Except in the case of the alloys containing 2.5 per cent or less tin, 
which developed very rough surfaces, the wear per unit work was high 
when the average torque was low and vice versa. The authors state 
that a possible explanation of this may be that a soft tough metal 
would readily deform and give high torque values but the displaced 
particles would not be broken off, so that the wear would be low, while 
the reverse might occur with a hard brittle alloy. 

The wear of the steels was generally erratic but it was found that 
on the whole, the wear decreased with increase in lead content of the 
bronze, there being even an increase in weight with the high-lead 
bronzes due to deposition of particles from the bronze. With a fow 
exceptions the steels wore faster with the sand-castings than with the 
chill-castings. 

The series of bearing bronzes was subjected to the action of a 
sand blast and the loss in weight determined. It was found that in 
every case but one the sand tastings were more resistant to sand 
abrasion than the chill-castings. The rate of wear decreased with 
increase in tin content and increased with increase in lead content, 
large weight losses being obtained with the high-lead alloys due to 
the high specific gravity of the lead particles torn out. The effect of 
variation in lead then, was in the opposite direction to that occurring 
when the dry specimens were rubbed against steel, in the Amsler 
machine, 

The mechanical tests will not be described in detail but the con- 
clusions of the authors from the whole investigation will be quoted 
as follows: 

“1, No one of the selected laboratory tests yielded information 
which was, by itself, adequate for general comparisons. Each of the 
wear tests and the mechanical tests contributed information of value 
in developing the characteristics of the different bronzes. 

“2, Variations in the chemical composition of the bronzes produced 
major changes in properties, but within certain ranges variations in 
chemical composition were much less important than variations in 
methods of casting. 

“3. As a general rule, chill-cast bronzes wore faster and had lower 
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notch-toughness than the corresponding sand-cast bronzes, but showed 
better resistance to pounding and higher tensile strength at tempera- 
tures between 70° and 600° F. (20° and 315° C.). The few exceptions 
to this are shown in detail in the report. 

“4, In alloys with a practically constant ratio of copper to tin, 
increase in lead produced a general improvement in wearing proper- 
ties, but this was more marked between 0.25 and 12 per cent than 
between 12 and 25 per cent lead. At the same time the resistance to 
pounding, notch toughness, and tensile strength decreased. 

“5, In alloys with a practically constant ratio of copper to lead, 
increase in tin from 0.7 to around 4 per cent resulted in a marked 
decrease in the wear produced by rolling and sliding friction without 
oil and a general improvement in the wearing properties. Further in- 
crease in tin from around 5 to 10 per cent did not materially modify 
the wearing propertics but resulted in improved tensile strength and 
resistance to pounding. There was also an improvement in notch- 
toughness with an increase in tin to about 7 per cent, representing the 
proportion above which appreciable amounts of the brittle alpha-delta 
eutectoid appeared. With higher tin a shght decrease was observed in 
the impact values. 

“6. The bronzes with less than about 5 per cent tin did not seem 
to have the combination of mechanical and wearing properties neces- 
sary for good service as bearings. Where wearing properties are of 
primary importance the high-lead bronzes have distinct advantages 
over the low-lead bronzes. Likewise the bronzes with around 8 to 10 
per cent tin (and 12 to 15 per cent lead) seem better adapted to serv- 
ice where the chief requirements are resistance to pounding and static 
stresses than bronzes with around 4 to 6 per cent tin. 

“7, There is a considerable range of chemical composition within 
which the variations in mechanical and wearing properties are small. 
This includes a range from 15 to 25 per cent lead and around 4 to 
7 per cent tin. Since the alloys within the entire range have given 
reasonably good performance in locomotive and journal bearings, 
there does not seem to be justification for the wide variation in 
specifications now used by different carriers for parts subjected to 
similar service. This refers not only to the type compositions but also 
to the limits of chemical composition for any one type. 

“g, It has been shown that reproducible tests can be obtained in 
the laboratory. The results, when combined with suitable mechanical 
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tests, gave comparisons which were consistent with some experiences 
in practical service.” 

There is a wealth of material in this paper which is well worth 
the study of anyone interested in bearing bronzes. 


14. Three Metal Bronzes. A. M. Blow, Met. & Chem. Eng., 12:461- 
466 (1914). 

The author outlines the properties of Cu-Sn alloys and then con- 
siders the effect of additions of Pb, Zn, P, Mn, or Al. 

The discussion of the constitution of Cu-Sn is based on the dia- 
gram of Heycock and Neville. In the alloys generally used the ratio 
of Sn:Cu is not over 1:4. 

The authors sketch a ternary diagram for the system Cu-Sn-Pb, 
but state that few points have been determined experimentally, A 
discussion on the basis of this diagram follows. 

Under normal conditions Pb is merely distributed through the 
mass, the structure of plastic bronzes being the reverse of most bearing 
metals, 4e. the matrix is harder than the included particles, Experi- 
ments of the Pennsylvania Railroad are cited. Further experimentation 
has shown that the limit of Pb may be raised from 15 to 30 per cent. 
This, however, is less than the lower limit of the two liquid phase 
region in the system Cu-Pb, viz, 35 per cent Pb. The limit may, 
however, be changed by mechanical manipulation, 

Segregation may be prevented by the addition of other elements, 
notably Ni, S, or P. With 1 per cent Ni, 30 per cent Pb may be included 
even with unskillful handling. The effect of Ni is to extend the alpha 
solid solution range in the Cu-Sn system. S decreases the possibility 
of liquation by lowering the upper temperature limit of the two 
liquid phase regions. 8 exists as Cu.S (Allan metal). The addition of 
P causes formation of hard particles of Cu,P but allows better cast- 
ings to be produced. 

The author discusses the system Cu- Sn-Zn on the basis of its equi- 
librium diagram, The structure of Lumen bearing metal (Zn, 85; 
Sn, 10; Cu, 5) is: primary dendrites of epsilon solid solution (14 per 
cent Cu) enveloped by beta solid solution, and a matrix containing 
small streaks of beta and Sn. The structure of Parson’s white brass is 
described. If Cu is over 8 per cent in high tin, or over 14 per cent in 
high zine alloys, constituents are formed which are undesirable, 

Certain heavy duty bearing metals fall in the class of Muntz metal 
containing tin. The white metals on the Sn-Zn side of the diagram 
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are harder than the Pb-Sn-Sb bearing metals and are more adapted 
to carrying heavy loads, 

A discussion of phosphor bronzes is given. The addition of P 
greatly increases the hardness and resistance to wear, but the tensile 
properties suffer. P should be used merely as a deoxidiser and there- 
fore its content should be kept low. Pb should be added if the alloy 
is to be used as bearing metal. 

Mn and Al bronzes are discussed. 


15. The Aluminium Bronzes. R. Guerin, La Nature, 48(2):251-255 
(1920). [From Tech. Rev., 8:163 (1921).] 

The author gives a résumé of the properties of the Al bronzes, 
Reference is made to the pioneer work of Sainte-Claire Deville and 
the recent researches of Guillet, Le Chatelier, de Fleury, et al, He 
refers also to the researches by Breuil on quenching and annealing 
at the French Aeronautic Laboratory during the war. Photomiero- 
graphs of forgeable bronzes cast by the Durville process, which pro- 
duces perfectly sound ingots, reveals preseuce of hard fine grains 
embedded in a plastic matrix. These alloys have lower friction and 
greater resistance to wear than the phosphor bronzes. Under loads 
which would have caused the failure of any anti-friction metal, Al 
bronze rollers stood service test without apparent wear. This bronze 
is also an excellent conductor of heat, At 350° C., Cu, 90; Al, 10 had 
the following properties: Ultimate tensile strength = 50 kg/mm? 
(71,000 pounds per sq. in.), elastic limit = 31 kg/mm? (44,000 pounds 
per sq. in.), elongation = 15 per cent. The elastic limit increases 
slightly with the temperature. 


16. Researches on Special Bronzes, I. Lead Bronzes, F. Giolitti 
and M. Marantanio, Gazz. chim. ttal., 40(1):51-77 (1910). 
The authors limit their research to alloys containing less than 25 
per cent lead and less than 25 per cent tin, on account of the complex 
character of the Cu-Sn system and because of the limited means at 
their disposal. They give an equilibrium diagram of the system Cu-Pb 
showing the two-liquid phase region to exist from 12-60 per cent Pb, 
(See, however, Abstract No. 81.) The arrest points and their dura- 
tions are given, as obtained from the cooling curves of 26 alloys of - 
the system Cu-Sn-Pb. A sketch of the Cu corner of the equilibrium 
diagram is given. A long discussion of the cooling curves follows. 
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The Brinell hardness of 30 slowly cooled alloys was determined. 
These results are given in Table 1 of the original article. 


17. New Bearing Bronze. Anonymous, Iron Trade Rev., 54:1009 
(1914). 

The American Metal Company ol Pittsburgh has tested the effi- 
ciency of its new alloy, Cu, 65; Pb, 30; Sn, 5, in journal bearings. The 
metal was treated in crucibles. 

In a test on the Baltimore and Ohio Railroad a 22 lb. bearing of 
this metal on a locomotive tender withstood 51,000 miles of service 
with only one thirty-second inch wear and with no sign of heating. 
Other bearings on the same tender were rebabbitted six times during 
the same period. 

For mill purposes, bearings of this alloy may be hardened. At the 
Jones and Laughlin Co.’s mills two 75 lb. brasses of this alloy were 
installed under a 108 in. plate mill, where they carried a load of at 
least 10,000 Ibs. They gave continuous service for four weeks. No 
lubrication was possible but graphite in the lead acted as a lubricant. 


18. A Ternary Alloy Bearing Metal. Anonymous, J. Soc, Automo- 
tive Eng., 15:393-394 (1924). 

The Bureau of Acronautics, United States Navy, has brought to 
light a little known bearing metal and is adopting it for use in all 
aireraft engines. The composition is: Pb, 21-25; Sn, 4.5-6.5; Cu, 
balance. The specification requirements are: 

For pigs: Ultimate tensile strength = 20,000 pounds per sq. in.; elastic limit 


in compression = 12,000 pounds per sq. in.; elongation Gn tensile 
test) = 15 per cent. 


For castings: Ultimate tensile strength = 20,000 pounds per sq. in.; elastic limit 
in compression = 12,000 pounds per sq. in.; elongation (in tensile 
test) = 10 per cent. 

Fracture must show uniform composition without segregation of lead, 

it must be possible to heat metal to 1200° F. (650° C.) without sweat- 

ing out of lead. (Gradually bring sample up to this temperature and 
scrape at intervals with a knife blade.) 

Founding: keep core soft, sand dry, melt covered with charcoal 
until the solution point is reached. Stir with a graphite (preferable) 
or nichrome rod, never an iron one. 

The alloy machines comparatively easily. There is no change of 
properties on remelting. For expansion, allow 0.005 to 0.007 inch 
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clearance on a 38-inch diameter. Temporary failure of the lubricant 
has little effect. 

The alloy is heavier than other bearing metals but this disadvan- 
tage is outweighed by superior wearing qualities, 

It has been used for: auto main bearings, valve stem bushings, 
locomotive connecting and main road bearings, loose pulley bushings, 
armature bearings in street railroad motors. In a test of the Wright- 
Navy aircraft engine for 572 hours at full throttle, connecting rod 
bearings of this metal were used and needed no repairs or adjustment 
after the test. 


19, Patents on Bearing Metals, A. Allan, Jr., Metal Ind. (N. Y.), 
7:243-244 (1909). 

Allan believes that Clamer claims patents on alloys containing not 
over 7 per cent Sn, not less than 20 per cent Pb and the balance Cu. 
The granting of this patent seems absurd as the art of producing 
Cu-base bearing alloys containing under 7 per cent Sn and over 20 
per cent Pb was pursued long before the time of Clamer’s patent. 

In 1879 A. Allan, Sr, invented a secret process for alloying Cu 
and Pb in any proportion, with or without the use of Sn, such that 
a perfectly homogeneous mixture resulted. These alloys, however, were 
not placed on the market until 1891, when they appeared under the 
name of Allan Red Metals. Large quantities were sold prior to 1900. 
Photographs are given of some large bearings made of Allan metal. 

If Sn is added it is to harden the alloy, not to prevent the segre- 
gation of Pb. Allan, Sr., learned from experience that Sn, Ni or other 
metals were injurious to the anti-frictional and wearing qualities of 
Cu-Pb, making the alloy hard without raising the melting point. Sn 
was especially undesirable because of its adhesive qualities. 


20. The Patent Situation in the U. S, Part of a paper given by 
G. H. Clamer before the American Foundry Association, May 
19, 1909 Metal Ind. (N. Y.), 7:244-246 (1909). 

In 1900 a patent was granted to G. H. Clamer and J. G. Hendrick- 
son for a series of Cu-Pb-Sn alloys having over 20 per cent Pb and 
under 7 per cent Sn. 

The history of the development of bearing bronzes follows, In the 
early days of railroading, Cu-Sn alloys containing as much even as 
15 to 20 per cent Sn (bell metals) were used as bearing metals, the 
supposition being that the harder the metal the less the wear. It was 
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well known that the harder metals had lower coefficients of friction, 
As these high tin alloys were not yielding enough the tin content was 
lowered to 10 per cent, the standard for many years. About 1870 
Hopkins was granted a patent for lining bearings with a soft metal, 
the object: being to make the bearing self-fitting. The success of this 
idea was phenomenal. . 

During this period Alexander Dick in England invented the alloy: 
Cu, 80; Sn, 10; Pb, 10, which became largely used in England but 
not in the United States. About 1 per cent phosphorus was also added 
(Standard Phosphor Bronze). 

In 1892 Dudley, chemist for the Pennsylvania Railroad, conducted 
an elaborate series of tests which showed that the rate of wear and 
the tendency to heating diminished with the Pb content and increased 
with the Sn content. He tried making high lead alloys, but failed to 
obtain alloys in which the Pb did not segregate if the Pb content was 
higher than that in his Ex. B Metal, viz., Cu, 77; Pb, 15; Sn, 8. This 
failure was probably due to impurities, practically all Dudley’s alloys 
containing P, The presence of P lengthens the time of solidification 
greatly, which is just the condition to be avoided. 

_ Clamer and Hendrickson’s patents (1900) covered processes of 
making Pb bronzes without segregation of the Pb. 

The first patent covered the use of Ni, the effect of Ni being to 
produce a quick solidifying matrix, which would hold the Pb evenly 
distributed. (The Pb is only mechanically held.) Ni gave the best 
results of the high melting point metals. 

Investigation showed, however, that a quick solidifying matrix 
could be obtained without the use of a fourth element and by ordinary 
foundry methods. The point was to limit the Sn in proportion to the 
Cu so that all the Sn was in solid solution in the Cu (alpha phase). 
' This meant that the ratio Sn:Cu must be less than 9:91. The second 
patent covered alloys with not less than 20 per cent Pb, not more than 
9 per cent Sn, the balance being Cu. 

Suit for infringement was brought against the Brady Brass Com- 
pany and three years thereafter, a decision favorable to the plaintiff 
was handed down by Judge Archbold on July 3, 1907. 

An appeal was taken to the United States Circuit Court of Ap- 
peals, which reversed the decision of Judge Archbold, finding that 
the claims of the patent covered only a product and not a process, 
and that the alloy, as covered by the claims, differed from other known 
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Cu-Pb-Sn alloys in degree only and, therefore, was not patentable. 
The patent was therefore declared invalid. 

The United States Supreme Court on appeal denied a certiorari, 
and an appeal was made to the United States Commissioner of 
Patents for a reissue of the patents. After thrashing out the matter 
for four years, six errors had become apparent in the patent specifica- 
tions. In view of this, and the provisions of patent law (see patent 
section), a reissue patent was granted, thus sustaining the opinion of 
Judge Archbold. The reissue patent is the same as an entirely new 
patent and is in no way affected by the decision of the United States 
Circuit Court of Appeals, 


21. Patent Controversy Over Bearing Metals. Editorial Note, 
Metal Ind. (N. Y.), 7:243 (1909). 

Considerable time and money have been spent in litigation over 
the validity of a patent assigned to the Ajax Metal Company of 
Philadelphia, covering the production of a certain Cu-Sn-Pb bearing 
metal known as Plastic Bronze. The Ajax Metal Company brought 
suit against the Brady Brass Company of Jersey City, N. J., for in- 
fringement of this patent. Claims for and against the validity of this 
patent are given in the following abstracts. 


22. The Patent Controversy Over Bearing Metals. Ch. M. Reubens 
(Critieism and Comment), Metal Ind. (N. Y.), 7:299 (1909). 

The writer denies that the art of alloying Cu and Pb in any pro- 
portion was invented by Allan, Sr., in 1876. 

He calls attention to a book by Johann Tenner, published in 1860, 
“Handbuch der Metall Legirungen”, which gives a method for making 
a Cu-Pb alloy. Tenner mentions an alloy previously patented in 
France which contained 20-25 per cent Pb, although it was not used 
as a bearing metal. Guettier in his “Guide Pratique des Alliages”, 
1865, describes the properties of the system Cu-Pb. 


23. Regarding Patents on Bearing Metals. Ch. Vickers (Criticism 
and Comment), Metal Ind. (N. Y.), 7:387 (1909). 

Allan is right when he says tin is unnecessary to hold Cu and Pb 
together. For high strength bearings, however, Sn is necessary. Other 
metals can be used as hardeners besides Sn, but casting of the alloys 
is more difficult, 

One alloy which gave excellent service was Cu, 69.2; Pb, 26.1; Mn, 
1.7; Sn, 1,5; Fe, 1.7. 
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The art of alloying Cu and Pb is not a secret as Allan claims but 
is very easily accomplished. The difficulty seems to be in being per- 
mitted to do it, 


24. Bearing Metals with Twenty Per Cent Lead. J. J. Canning 
(Criticism and Comment), Metal Ind. (N. Y.), 7:377 (1909). 
The writer says that bearing metals with 20 per cent or more Pb 
are nothing new. He used tons of metal containing 20-22 per cent Pb 
made by the Damascus Bronze Company, while a foreman at the 
Cooke Works, now the American Locomotive Company. 


25. The Patent Controversy Over Bearing Metals. A New De- 
velopment in the Situation. G. H. Clamer, Metal Ind. (N. Y.), 
7:284-286 (1909). 

In reply to Allan’s criticism that his paper “The Patent Situation 
in the United States” does not fit its title, but is rather the epitome 
of a personal situation, Clamer states that legal situations are created 
by decisions of the courts, and the decisions handed down by the courts 
in the plastic bronze case are the only decisions affecting the validity 
of a United States patent for alloys. This case has created the situa- 
tion as it stands today, 

The author lists the difference between Plastic Bronze and Allan 
Red Metal as follows: 


1. Plastic Bronze is a Cu-Pb-Sn 
alloy having Sn less than 9/91 
of the Cu, and the Pb more 
than 20 per cent of the whole. 


1. Allan Red Metal is a Cu-Pb 
alloy without Sn. 


2. Plastic Bronze is strong enough 2. 
for heavy duty bearings, its 
strength being due to Sn. 


Allan Red Metal is not strong 
enough for car bearings, ete., 
in fact is weaker than Pb base 
babbitt. 


3. Structure of Plastic Bronze is 3. Allan Red Metal is merely a 


a matrix of Cu-Sn solid solu- 
tion holding the Pb in a purely 
mechanical manner. 


The matrix of Plastic Bronzes 
solidifies from 1940 to 1760° 
F. and the Pb is held in a 
liquid state in the matrix until 
it: freezes at 622° F. (Cu, 65; 
Pb, 30; Sn, 5). 


mechanical mixture of Cu and 
Pb, As it contains about 50 
per cent Pb the walls of the 
matrix must be thin. 


. Clamer claims that the Pb has 


no effect on the freezing point 
of Cu, viz., 1976° F., and the 
Cu none on that of the Pb. 
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Analysis of Allan Red Metal showed sulfur present in greater 
amount than could be accounted for by use of the most impure Cu or 
Pb, It is therefore part of the secret Allan process. Photomicrographs 
are given showing that Pb ean he held mechanically just as well 
without sulfur, 


26. The Patent Controversy Over Bearing Metals. A. Allan, Jr., 
Metal Ind. (N. Y.), 7:321-323 (1909). 

Allan states that between 1891 and 1898 with the exception of 
Allan metals not a single Cu-Pb alloy, with or without Sn, was on the 
market which would hold over 15 per cent Pb without the use of Ni. 

He states that Clamer’s statements are contradictory. In one 
place he says that he makes no claims to an alloy without a hardening 
constituent, and in another place he says that by the process he and 
Hendrickson invented they are enabled to alloy Cu and Pb in any 
proportion with or without Sn. “Do not Clamer's statements prove 
that the art is based on the production of an alloy which will hold 
more Pb than is possible without the use of Ni, an art invented by 
Allan, Sr., in 1876?” Allan states that Pb, not Sn, is the critical 
element. He says Clamer must prove his statement that Sn when 
present in too great amount will cause segregation of Ph, if there is 
over 20 per cent of the latter. 

Allan does not recugnize Clamer’s photomicrographs as ones of 
his product. Ph does lower the melting point of Cu, in spite of Clamer’s 
statement to the contrary. He has no retraelions to make of statements 
in Allan Bulletin No. 1. 


27. The Patent Controversy Over Bearing Metals. G. H. Clamer, 
Metal Ind. (N. Y.), 7:407-408 (1909). 

Clamer does not retract any of his previous claims, and sums up 
his point of view thus: 

(1) Plastic Bronze and Allan’s metal or other similar alloys are 
not in the same class either from a service point of vicw in their prop- 
erties or constitution. 

(2) Allan’s metal does not have a melting point of 1500° F. 
(816° C.) as claimed by Allan, but will go to pieces if heated above 
the melting point of lead, 621° I. (327° C.). Clamer gives an equi- 
Hbrium diagram from the 4th Alloys Research Report of the British 
Institute of Mechanical Engineering showing the small mutual 
solubility of lead and copper. Clamer misinterprets the diagram, 
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stating that the copper being almost free from lead starts to solidify 
at the melting point of the pure metal, 1981° I. (1082° C.) and be- 
comes all solid at 1750° F. (954° C.), but the lead does not solidify 
until the temperature is lowered to 627° F. (332° C.). 

(3) Cu-Pb is not homogeneous (as regards micro-structure). 

(4) There is no special process necessary to produce Cu-Ph free 
from segregation, except that the metal should be poured at as low a 
temperature as possible. 

(5) The critical composition Cu, 91; Sn, 9 is a well established 

"fact, cf. Heycock and Neville (210). 

(6) We have taken advantage of this fact to obtain a Cu-Pb alloy 
of sufficient strength, not to hold the Pb. 

(7) Allan, Sr., did not invent the series of alloys to which plastic 
bronze belongs. Cu, 80; Pb, 20 was made long ago, and known as pot 
metal. The Allan process appears to depend on the use of $ and Bi. 
No secret process is necessary for the manufacture of plastic bronze. 


28. The Patent Controversy Over Bearing Metals. (5th Paper.) 
A. Allan, Jr., Metal Ind, (N. Y.), 8:67-72 (1910). 
The author gives photomicrographs and a table of mechanical 
properties of three Allan Red Metals and one Plastic Bronze as 
follows: 


Mechanical Properties of Allan Red Metals and a Plastic Bronze. 


Blastie Limit Compressive 
Alloy in Compression Strength 
Pounds per Square Inch 
Plastic Bronze .......cc ccc cece eee 15,000 64,000 
Cu 58.5, Pb 85, Sn 6.5...,......0000, 15,000 57,000 
5 30 Werner: 19,500 76,400 
67 24 Greene 31,000 , 80,800 
70 20 10 cnnaernrunnenen 23,000 91,900 


Allan claims that the ratio of 91 Cu to 9 Sn is not critical and 
gives some photomicrographs to prove his point, which are not very 
clear, however. He gives a freezing point curve of Allan No. 1 Red 
Metal taken by Sauveur and Boylston, which shows heat effects at 
970° C. and 390° C., the upper limit not being at 1060° C., as claimed 
by Clamer. 

Allan claims that castings of hig alloys cannot be produced in any 
size without sweating lead, if ordinary foundry methods are used. In 
his process continual stirring is unnecessary, ohly skimming is needed 
to hold back any dirt. He denies that Cu-Pb with over 25 per cent 
Pb can be cast without Pb sweat except by his process. 
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Allan reproduces Heycock and Neville’s equilibrium diagram of 
the system Cu-Sn, showing that the temperature range of freezing 
intervals is greater at 9 per cent Sn than at 15 per cent Sn. (He 
erroncously assumes that the time of freezing is also greater.) 

Allan claims that Bi plays no part in his process, although S does. 
Allan’s alloys show presence of the Cu,Sn eutectoid and are still 
merchantable alloys, disproving 9 per cent Sn being a critical point. 


29. The Patent Controversy Over Bearing Metals. (6th Paper.) 
G. H. Clamer, Metal Ind. (N. Y.), 8:208-211 (1910). 

Clamer is familiar with the fact that Cu, Sn and Pb may be mixed 
in the proportions given by Allan, but claims it can be done hy or- 
dinary foundry methods, The photomicrographs given by Allan have 
no bearing on segregation. He challenges Allan to make Cu, 58; Sn, 
10; Pb, 32 or Cu, 63; Sn, 9,5; Pb, 27.5 by his process. He concedes that 
they cannot be made by ordinary foundry methods. He notiees that 
Allan lowers his Pb content with increase In Sn, a fact which Clamer 
had discovered necessary, Apparently the introduction of Sn into 
Allan Red Metals came after Clamer’s discovery. In the older Allan 
pamphlets it was stated that the presence of Sn was very undesirable. 

Clamer quotes Sauveur’s testimony at the patent hearing. The 
latter based his argument on Heyeock and Neville’s equilibrium 
diagram and showed that Cu, 85; Sn, 15 really took about four times 
as long to solidify as Cu, 94; Sn, 5. Below 9 per cent Sn only one kind 
of solid solution exists and above 9 per cent Sn there are twa, one of 
which on cooling changes to Cu,Sn, the constituent whieh increases 
the hardness and decreases the plasticity. 

Clamer denies Allan’s claim that his process is necessary to pro- 
duce alloys containing over 25 per cent Pb without Pb sweat occur- 
ring. To disprove this he has sent to The Metal Industry a sample of 
such an alloy produced by ordinary foundry methods. Such are also 
made by several railroads. Sauveur also testified that he made up Cu, 
65; Pb, 30; Sn, 5 and Cu, 73; Pb, 20; Sn, 7, which east into bearings 
showed neither segregation nor Pb sweat. 


30. The Patent Controversy Over Bearing Metals. (7th Paper.) 
A, Allan, Jr., Metal Ind. (N. Y.), 8:289-291 (1910). 

Allan asks why. Clamer applied for a patent based on a eritieal 

relation between the Cu and Sn contents when he knew that it was 

possible to make alloys of the compositions given by himself. In a 


184 BEARING METALS 


paper before the Franklin Institute Clamer admitted that he was 
unable to produce good castings if the Sn content was too high, but 
that a certain amount of Sn was necessary to prevent segregation. 

Allan denies that there is an abrupt change in the rate of cooling 
at 9 per cent Sn, but now admits that the freezing interval is longest, 
at the eutectic composition, 22 per cent Sn. The equilibrium diagram, 
however, is valid only for very slowly cooled alloys, and not for those 
produced in practice. The limit of solid solubility is less as the rate 
of cooling increases, therefore the critical point varies with the rate 
of cooling. The freezing range is also altered by the presence of Ph. 
He challenges Clamer to make bearing metals of certain compositions 
which are made by the Allan process. (See next abstract.) 

The Metal Industry had analyses made of the two bearings made 
by Allan in answer to Clamer’s challenge and the compositions were 
found to be that proposed by Clamer, 


31. The Patent Controversy Over Bearing Metals. (8th Paper.) 
G.H. Clamer, Metal Ind, (N. Y.),9:114-118 (1911). 


Clamer examined the bearings sent in by Allan to the office of 
The Metal Industry and finds that though in external appearance 
they are good bearings, without Pb sweat, their backs are somewhat 
porous and scruffy, no doubt due to the use of sulfur. From the analy- 
sis, which showed 0.88 to 1 per cent S, it is safe to assume that all 
this was in combination with the Cu as Cu,8, a brittle, friable sub- 
stance of lower density than the alloy. The appearance of the bearing 
is due to this sulfide floating to the surface. 

Allan has produced alloys so far outside the Clamer patent that 
so far as the ratio of Sn to Cu is concerned, he has proved that S has 
influenced the retention of Pb in such alloys. He claims that such alloys 
can be produced by ordinary foundry practice if S is added, by plung- 
ing a stick of sulfur under the surface of the molten metal. Additions 
of S are unnecessary within the limits given in the patent. 

Allan’s claims to the contrary, the amount of Pb which may be 
held is limited by the amount of Sn. Clamer gives a curve showing 
this limiting amount. If impurities are present, the allowable amount 
of Sn is less. 

Clamer sends to the office of The Metal Industry, bearings of Cu, 
67; Ph, 24; 5n, 9; ... Cu, 70; Pb, 20; 5n, 10; .. . Cu, 65; Pb, 30; 
Sn, 5; ... Cu, 58.5; Pb, 35; Sn, 6.5; .. . Cu, 62.5; Pb, 30; Sn, 7.5. 
The two latter he was unable to make without the use of S, and admits 
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now that he was unable to make such alloys before. He states that as 
the last named segregates with 7.5 per cent Sn and not with 5 per cent, 
it is conclusively shown that Sn beyond a certain amount pro- 
motes Pb segregation. He supports this by photos of bearings made 
with and without S. Bearings made of the first two alloys did not 
sweat or segregate without $. He points out that the temperature 
interval is not proportional to the time interval of freezing. He elainıs 
that the critical point is little influenced by the presence of Pb, but 
admits it may be shifted by the rate of cooling. He gives Sauveur and 
Boylston’s cooling curve for Cu, 65; Pb, 30; Sn, 5, and shows that the 
heat effects are at approximately the same temperatures as for the 
above ratio of Sn to Cu, as shown in Heycock and Neville's equi- 
librium diagram of Cu-Sn. 

Clamer says that Allan has not proven his claims in regard to 
the effect of Sn on segregation of Pb, as he has prevented segregation 
in a different manner, i.e., by the use of 8. 

32. The Patent Controversy Over Bearing Metals. (9th Paper.) 
A. Allan, Jr., Metal Ind. (N, Y.), 9:155 (1911). 

Allan still maintains that the art of alloying Cu with Pb with or 
without the use of Sn was invented by his father. He cannot produce 
by ordinary foundry methods or has he seen so produced by others 
merchantable castings of Cu-Pb or Cu-Pb-8n alloys, containing over 
25 per cent Pb. However, if anyone knows how to produce these, his 
opinion is that he may do so regardless of the Clamer patents, and 
with or without the use of 8. 

If ordinary foundry practice ean overcome the difficulty of Pb 
segregation it never existed to be overcome. Clamer concedes that 
the Allan process controls the Pb when Sn:Cu is greater than 9:91, 
he must then admit that it does so when the ratio is less than this. 

Clamer acknowledges by his diagram that he cannot produce some 
alloys which are within the limits of his patent claims. Allan thinks 
that Clamer should produce evidence to show that he can produce all 
the alloys claimed by him by ordinary foundry methods. Allan suggests 
that Clamer send to the office of The Metal Industry 100 lbs. of Cu, 
55; Pb, 40; Sn, 5 made by ordinary foundry practice. If analysis shows 
the castings to be of this composition, castings shall be made of these 
under The Metal Industry’s supervision. li these show no Pb sweat or 


segregation he will concede Clamer’s point and stand the cost of the 
investigation, 
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33. The Patent Controversy Over Bearing Metals. (10th Paper.) 
G. H. Clamer, Metal Ind, (N. Y.), 9:206 (1911). 

Clamer states that Allan metal, previous to the advent of Plastie 
Bronze on the market, was a pure Cu-Pb alloy, and that all the Allan 
literature decried the use of Sn and stated that Allan Red Metal con- 
tained no Sn whatsoever. Clamer seems to think that a ternary alloy 
will necessarily have different properties from any of the binary ones 
composing it, though it is true, as pointed out by the courts, that there 
is no analogy betwecn Cu-Pb and Cu-Pb-Sn. Clamer casts aspersions 
on the benefits of Allan’s 18 years’ foundry experience, stating that 
Dr. Sauveur, with no foundry experience, had made castings of Cu, 65; 
Pb, 30; Sn, 5 by ordinary foundry methods. The fact that Allan has 
not seen castings of Cu-Pb-Sn containing over 20 per cent Pb does 
not affect the fact that millions of pounds of such mctal have been 
made, 

Clamer states that Allan has not read the patent claims carefully 
enough, It is stated therein that Pb may be present in any amount 
above the lower limit though it must remain within the requirements 
of a bearing. Clamer admits that Cu, 55; Pb, 40; Sn, 5 cannot be made 
by ordinary foundry methods, but it is too soft for a solid bearing, 
He also states that his diagram fully supports the claim of the patent. 
Allan’s is not within its meaning. 


34. The Patent Controversy Over Bearing Metals. (11th Paper.) 
A. Allan, Jr., Metal Ind. (N. Y.), 9:295-297 (1911). 

Allan claims that his diagram is within the claims of Reissue 
Patent 12,880, and that Clamer has admitted he cannot make some 
alloys covered by the claims, 

Clamer is correct regarding the absence of Sn from Allan Red 
Antifriction Metal in which it is very deleterious. The Allan Bronzes, 
however, are Cu-Pb-Sn alloys. The proportion of Sn added is de- 
pendent on the service requirements. 

{f Clamer’s patent claims are valid, why should he not be able to 
make Cu, 59.5; Pb, 85; Sn, 5.5 or Cu, 55; Pb, 40; Sn, 5. Allan denies 
that the latter alloy is too weak for solid bearings since its elastic 
limit is 14,000 pounds per sq. in. and its compressive strength is 45,400 
pounds per sq. in. It is strong enough for railroad bearings. 

Allan contradicts Clamer’s statement that the freezing point of 
Cu is not lowered by Pb. Roberts-Austen found that 35 per cent Pb 
lowered the freezing point by 135° C., while other measurements have 
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shown that the addition of 30 per cent Pb to a 91:9 bronze lowered 
the freezing point by 125° C. 

In regard to the millions of pounds of alloys containing over 25 
per cent Pb, can Clamer prove that their analyses are complete, as 
few chemists would determine the S content. Allan states that samples 
of Plastic Bronze purchased in the open market gave analyses show- 
ing as much § as Clamer stated he found in Allan Red Metal. S is 
not an impurity of market Cu or Pb, nor could it have been derived 
from the coke used in melting. It, therefore, must have been introduced 
intentionally, In Clamer’s paper before the American Brass Founders’ 
Association in 1909, he says: “This with a small per cent of S which 
is of no materiality is the combination made use of by the defendant 
(Brady Brass Company), who thus admittedly infringe if the patent 
is valid”. Again in 1909 he said, “I can say positively that Pb may be 
held in mechanical mixture with Cu without S$ as well as with it”. 

The use of S to prevent Pb segregation is part of the Allan process 
but not all of it. Clamer’s alloys made by ordinary foundry practice 
with the use of 8 are far within the limits of those possible by using 
the entire process. He challenges Clamer to send to the office of The 
Metal Industry samples of Cu, 50; Pb, 50; Cu, 65; Pb, 30; Sn, 5 and 
Cu, 67; Pb, 24; Sn, 9 made by ordinary foundry practice. If the 
analyses are found to be as above, and the alloys can be cast into 
merchantable castings, showing no Pb sweat or segregation, Allan will 
stand the cost of the investigation. 


35. Patent Controversy Over Bearing Metals. (13th Paper.) G. H. 
Clamer, Metal Ind. (N. Y.), 9:418-420 (1911). 

Clamer restates his views regarding effect of sulfur on lead bronzes. 
He holds it is not necessary for the production of alloys under Reissue 
Patent 12,880. The field outside this patent is open to all, 

He says that the Allan copper-lead alloys first appeared on the 
market about 1891, the Ajax plastic bronzes in 1900, and it was not 
until after his paper before the American Foundrymen’s Association 
in 1909, that he ever heard of any Allan copper-tin-lead alloys. 

Clamer denies that there has been any intentional addition of 
sulfur in the manufacture of Ajax plastic bronzes. He sends to the 
office of The Metul Industry for analysis and casting, test ingots of 
Cu, 50; Pb, 50. . . Cu, 65; Ph, 30; Sn, 3... Cu, 67; Pb, 24; Sn, 9 
without sulfur and one of Cu, 50; Pb, 50 containing sulfur. This latter 
shows better nıixture than the one without sulfur, 
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36. Patent Controversy Over Bearing Metals. (14th Paper.) Editor, 
Metal Industry (N. Y.), 10: 167 (1912). 

All of Clamer’s alloys (see Abstract 35) execpt the one containing 
sulfur were analyzed, and only the Cu, 50; Pb, 50 showed marked lead 
segregation. They were all satisfactorily elose to the compositions 
claimed. A cylinder 8 in. long by 5 in. diameter was cast of each alloy., 
None of these showed any visible segregation, although some was 
detected by chemical analysis, as follows: 


Copper Tin Lead 

— Per Cent—-— 

ea {Top 62.90 8.51 28.40 

Cu, 67; Sn, 9; Pb, 24...... [Bottom 68.28 882 2459 
, . {Top 66.70 48 28.31 

Cu, 65; Sn, 5; Pb, 30...... Bottom 65.92 5.04 28.92 


Clamer’s statement that less segregation is present with the alloy 
having less tin, is confirmed. Clamer suggested having a commercial 
foundry make castings of Cu, 65; Sn, 5; Pb, 30 and Cu, 60; Sn, 10; 
Pb, 30. He predicted that the first alloy would not show lead sweat 
and the second one would, This has been done, with the result predicted 
by Clamer. 


37. Ulcoloy. Anonymous, Met. & Chem., 13:378 (1915). 

A new copper-lead alloy is made by the United Lead Company by 
a patented process which holds the copper uniformly distributed: 
throughout the mass until it cools and hardens. Its chief applications 
are as a bearing metal and as metallic packing. It is acid-resisting, 


38. Investigations on Bearing Metals. (II. Red Brass.)* E. Heyn 
and O, Bauer, Stahl Eisen, 31:1416-1422 (1911). 

The authors investigated a red brass, nominally of the compo- 
sition specified by the Prussian Railroad Administration, viz., Cu, 84; 
Sn, 15; Zn, 1. Their Zn content, however, was too low. This alloy 
apparently suffered little change in composition even after five re- 
meltings. Microscopical examination showed, however, that oxidation 
of tin took place, but as the oxide was not removed in remelting, the 
fact was nob apparent from the chemical analysis. 

A cooling curve of the alloy is given. The alloy in the slowly cooled 
state consists of primary crystals of “alpha” and an “alpha”-plus- 
“delta” eutectoid. As the transformations require some time, high 
temperature forms may be retained by quenching. 

* Part I is abstract No. 42. 
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By quenching from above 782° C., the transformation “alpha’- 
plus-liquid to “alpha”-plus-“beta” at this temperature is suppressed, 
and a much harder product results. Thus, quenching from 900° C. the 
ball hardness was 97, while on quenching from 700° C. it was only 63. 

The density of chill castings runs from 0.2-0.8 per cent higher than 
that of sand castings, Twelve photomicrographs are given of different 
conditions of the alloy. The ball hardness of the chill cast alloy was 
about twice that of the sand cast, and in the impact compression test 
the ratio of compression to energy absorbed was less for the chill 
cast alloy. In this latter test, cracks appeared in both alloys at about 
the same deformation. The yield point in compression was higher for 
the chill cast alloy. 

A bearing cast of metal which had been remelted five times had 
numerous pores under the skin, and microscopical examination of 
these showed many gray threads, which according to a previous in- 
vestigation were tin oxide. Metal remelted only once showed these 
threads but in much smaller quantity, The hardness of the once 
remelted metal was slightly greater than that of the five times re- 
melted one; while the tensile strength of the former was 21,000 pounds 
per sq. in., and that of the latter 18,000 pounds per sq, in. Compressive 
strength and impact compressive strength were little affected by 
remelting, 

A figure is given, showing the effect on the arrest points, of addi- 
tion of arsenic up to 1.5 per cent. There is no difference in the melting 
and pouring due to the addition of arsenic. There is no difference in 
the microstructure, due to arsenic, except that the sand castings 
showed many threads of oxide near the pores. Arsenic for the most 
part causes increase in the ball-hardness. The effect of arsenic on 
chill castings is to lower the tensile strength and elongation and to 
raise the yield point. The effect of arsenic on the tensile properties 
of sand castings is not marked. Arsenical sand castings cracked at 
the first blow in the impact compression test, but the chill castings 
withstood a considerable number of blows, In this test lower defor- 
mations were obtained if more than 0.65 per cent arsenic was present. 


39. The Physical Properties of Red Brass. Anonymous (Signed 
ev.), Z. ges Giessereipraxis, Das Metall, 1927, pp. 141-142. 

Red brasses are of great importance as bearing metals and in the 

construction of parts for rolling stock, steam fittings, etc., and quite 

definite physical properties are demanded of them. The Reichsbahn 


190 BEARING METALS 


(German National Railroad) uses 100 metric tons per month of these 
alloys. In view of the difficulties foundries have experienced with 
them, the Reichsbahn Gesellschaft has built an experimental foundry 
for carrying on systematice experiments on the porosity and physical 
properties of bronze and red brass. The causes of porosity will be 
sought for with especial thoroughness and also the causes for the 
great variation in these alloys. _ 

When the war ended, it was believed that a single alloy would 
suffice for all purposes, namely, “Einheits” red brass of the compo- 
sition Cu, 85; Sn, 9; Zn, 6, The difficulty with this alloy was that it 
had no definite freezing point but a freezing range between 1000° 
and 750° C. Consequently in casting thick sections, temperature 
differences occurred between the inside and the outside, resulting in 
segregation. Segregation must be held responsible for the so-called 
sponginess. Dry molds and slow cooling are especially favorable to 
segregation. In view of the wide freezing range of red brags and its 
tendency to segregate, the correct design of castings is very important. 
They must be so designed that the heat given up by thick sections re- 
tards the cooling of thin ones, and prevents them from solidifying too 
much before the thick ones. 

Green-sand castings have much better physieal properties than dry- 

‚sand ones, Chill castings almost never cxhibit sponginess if the 
sections are not too large. Steam is gencrated in green sand containing 
8-12 per cent water, which rapidly removes the heat from the casting. 
The cohesiveness of the molding sand iş also of importance. In the 
experimental foundry of the Reichsbahn, a new sand testing method 
has been evolved which allows the permeability of molding sand to 
be easily and correctly determined. 


Applications of Some Red Brasses. 





Composition 
—— Per Cent 
Name Cu Sn Zn Pb - Applications 
Red Bass—I. ence ebb eenaene 85 11 4 Bearings, ete. 
cee beer eeraes 85 9 6 Valves, slides, cocks, 
“ “ B be beneeeeetees 91 5 4 Pipe flanges and parts dif- 
ficult to solder, 
Red Machinery Brass—I eves 82 10 7 1 Machinery castings. 
—II., 85 5 8 2 Machinery castings. 
Lead Bronze—I ...........,. 86 1... 4 Dynamo bearings, c connect- 
ing rod bearings. 
“ IT... perrea 77 8 .. 15 Heavy-duty bearings. 
Cast, Bronze—L.... cee eee es 79 20 .. .. Car-joural bearings. 
“ Klin 85 l4 .. .. Heavy-duty bearings. 
“ MOL essen 8 I... Worm-wheels and pump 


cylinders, 
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The “Einheits” red brass is not used so much now as formerly, 
for it was not found to be suitable for all purposes, as originally sup- 
posed. The applications of some red brasses are given in the table 
on the opposite page. 

The mechanical properties of some red brasses are given in the 
table below. 

Mechanical Properties of Some Red Brasses. 
Tensile Elon- Cold 








Composition Strength gation Bend 
Per Cent——-— Poundsper Fer Test 
Cu Sn Zn SquareInch Cent Degrers Applications 
83 12 15 25,600 3 10 Small bearings, not dined 
with white metal. 
85 il 4 25,600 4 20 Large unlined bearings, 
86 8 6 28 500 15 45 Thick-walled castings, 
86 10 4 28,5 10 30 Valves, slides, cocks, ete, 
87 87 4,3 25,600 15 45 Machine parts and hearings 
lined with white metal. 
88 il 1 28,500 10 20 Large bearings, castings, ete. 
91 7 2 28,500 20 45 Pipe flanges and other parts 
which must be hurd sold- 
9i 5 4 28,500 20 45 ered, 


Chemical analysis is not always decisive as to whether a red brass 
is good or bad. An idea of the quality, however, may be obtained from 
the Reichshahn Gesellschaft test, in which a small specimen is tested 
for porosity under a hydraulic pressure of 20 atmospheres. 

One of the objects of the investigation at the Reichsbahn experi- 
mental foundry was to discover any correlation between the chemical 
composition and result of the porosity test. It was established that 
the ratio of tin to lead in the alloy increased systematically as the 
casting beeame poorcr in quality. A whole serics of tests showed that 
“Einheits” red brass was poor if the ratio of tin to lead was less than 
3. These facts may form a starting point for further investigations. 
The relation between chemical composition and segregation has as 
yet been little investigated. A single constituent or an impurity may 
affect the quality of the material adversely. Segregation is a cause 
of poor mechanical properties. The hardness of red brass containing 
5 per cent tin is much less variable than that of “Hinheits” red brass, 
These results of laboratory experiments have been confirmed by ex- 
perience in manufacturing plants. 


40. Babbitt Metal and Its Manufacture. E, 5, Sperry, Brass World, 
2:75-83 (1906). 


The manufacture of babbitt metal has undergone great changes in 
the last 25 years due to the replacement of some of the more ex- 
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pensive tin base metals, by alloys containing antimonial lead, which 
has become available at a reasonable price. The author states that 
probably more than 97 per cent of babbitt is lead base. 

The author traces the history of bearing metals. Bronze or brass 
was used for good bearings up to the time of Isaac Babbitt (1839). 
Babbitt metal (tin base) was used for many years, until the advent of 
antimonial lead. This was sold fov less than pure lead, in spite of the 
fact that antimony cost more than two times as much as lead. The rea- 
gon for this was that it was the “refuse” of certain silver refineries. 

The author classifies babbitts into: (1) Tin-base genuine babbitt; 
(2) lead-base anti-friction metals; (3) zinc-base white brasses. The 
addition of bismuth would be of great advantage, if it were cheaper. 

(1) Genuine Babbitt. Pb may be added to this up to 5-10 per 
ceut without injury. With only 5 per cent Pb the appearance of the 
alloy is not much changed, the top of the bar still showing the yellow 
color of tin oxide. Sb docs not harden Sn as rapidly as Cu. The 
following compositions are given: Hard genuine babbitt: Sn, 88; Sb, 
4: Cu, 8. Standard genuine babbitt: Sn, 90; 8b, 7; Cu, 3. The latter 
may have 6 per cent Sn and 1 per cent Sb replaced by 7 per cent of 
20 per cent Pb-Sh. 

Ni has been recommended as an addition to babbitt, but even 1 
per cent will make the metal pour sluggishly. The various Ni babbitts 
on the market contain about 0.5 per cent Ni. No advantage results 
from its use. 

Zn is injurious. Babbitts containing it are sluggish and have much 
dross included. White brass is a drossy metal. 

Al is used, up to a fraction of 1 per cent, but has no effect except 
the objectionable one of removing the yellow color from the top of 
the bar. 

The use of P also has this objection, but it is of value sometimes 
when the metal becomes thick in the kettle. A little added then will 
make the alloy more fluid. 

Mn and Fe have about the same action as Ni. 

Mg has been used to a slight extent, but its action is like that of Zn. 

In making babbitt, oxidation of the Cu should be avoided by melt- 
ing this in a covered graphite crucible. The Sb is added to the molten 
copper and the mixture then poured into the molten tin. 

(2) Anti-friction Metals. This name was due to the early boosters 

of antimonial lead. This alloy is a by-product of the silver refincries 
and sells slightly above pure lead. 
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It is doubtful if addition of 5 per cent Sn will improve the anti- 
frictional properties. However, it gives the metal a brighter appear- 
ance, and a glistening and coarscr fracture. 

No. 4 hardware babbitt contains 3 parts of 20 per cent antimonial 
lead to 1 part of soft lead. New pig lead should be used in making 
this alloy as scrap does not produce so clean a metal. Standard 
anti-friction metal is: Pb, 80; Sb, 15; Sn, 5. 

The author gives a description of the equipment required. He pre- 
fers iron molds for babbitt, although brass molds should be used Uf a 
smooth surfaced bar is desired. 


41, Metals in Bearings—Anti-frictional Properties of Lead. S. K. 
Patterson, Metal Ind, (N. Y.), 7:20-21 (1909). 

Requisites of a bearing metal are strength and non-brittleness. 
The coefficient of expansion is a factor where the temperature changes 
are large, on account of the binding which may result. One should 
also watch for a change of properties with a rising temperature. 

According to Professor Thurston the value of soft white alloys lies 
in their property of readily reforming a smooth surface alter any local 
impairment. Flaws are readily healed by the soft alloy flowing into 
them. The coefficient of friction varies in inverse ratio to the com- 
pressive strength. The alloys best for high speeds are not so desirable 
for heavy loads. Bearings have recently been introduced having an 
iron or steel grid filled with a much softer bearing metal than could 
ordinarily be used, or even with graphite. 

White alloys have a fairly high electrical conductivity and may 
be used for electrical machinery bearings. Alloys containing sodium 
are interesting, in that the oxidation products of sodium combined 
with oil, produce a soap which acts as a lubricant. Tin increases the 
resistance to wear but is expensive, Lead decreases the friction. 


42, Investigations on Bearing Metals—Antimony-Lead-Tin Al- 
loys. O. Bauer, Stahl Eisen, 35 (I): 445-450, 553-558 (1915). 
9 Photomicrographs, 5 Ternary Diagrams, 

The author gives contour map of the liquidus surface of the ternary 
system Sb-Pb-Sn, also a structural diagram showing the constituents 
of the various fields. The constituents are also shown in photomicro- 
graphs. There is a strong tendency to segregation in some fields, 

Effect of Rate of Cooling. Chill castings were made in iron molds 
at 0°, 250° and 650° C, The pipes formed in all the rapidly cooled 
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castings, and those with over 30 per cent Sb had many small holes 
and pores in addition. All were free from segregation, The castings in 
the preheated molds were free from piping. In Sb-rich alloys a few 
small holes were visible, but in the 10 per cent Sb alloy there were 
often great shrinkage spaces. The castings with the 10-30 per cent Sb 
segregated badly. Sb rich alloys of high melting point showed tin 
oxide crystals, these being more numerous the higher the temperature 
and the longer the heat had been applied. 

Properties. The temperatures of the solidus surface in the different 
fields are given in the form of a table. The values of ball hardness 
(Martens) for the chill cast alloys are given in the form of a tri- 
angular diagram covering the whole field. In general, tempering causes 
an inerease of hardness in Sn rich alloys ànd decreases it in Pb and 
Sb rich ones. Other triangular diagrams give the impact strength and 
the per cent compression at failure up to 40 per cent Sb. The impact 
strength is about 25 per cent lower at 100° than at 20° but at —20° 
it is about the same as at 20° C. 

Conclusions from Compression Tests. (1) Sb free alloys may be 
compressed 50 per cent without cracking. (2) Alloys with 10 per cent 
Sb; the ultimate compressive strength (18,500) decreases with Pb 
content to a minimum at 50-60 per cent Pb (ultimate compressive 
strength = 13,500 pounds per sq, in.)}. (8) Alloys with 20 per cent Sb, 
ultimate compressive strength a minimum at 40 per cent Pb. (4) 
Alloys with 40 per cent Sb show a flat minimum and maximum (maxi- 
mum at 40-50 per cent Pb). 

Influence of Cu. As much as 2 per cent Cu completely eliminates 
segregation, due to the formation of a network of Cu rich needles which 
keeps the Sb rich cubes from rising. Addition of Cu introduces a new 
arrest point at a higher temperature than any of the others, while 
these are little affected. For constant Sb and Cu content, the melting 
point rises rapidly with increase of Ph, the alloys having considerably 
higher melting points than the Cu free ones. Addition of Cu increases 
the hardness, the effect being greater for the chill castings. The impact 
strength is also increased. 

Commercial Alloys. A table of properties of 50 alloys of the sys- 
tem Sb-Pb-Sn from various sources jis given, also a table of 30 other 
alloys, with their properties and uses, 

Segregation. Alloys with less than 25 per cent Sb show increasing 
tendency to segregation with increasing Sn content, which reaches a 
maximum at about half the possible Sn content. This must be pre- 
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vented by rapid cooling, for instance in the case of large bearings by 
the insertion of chills in the mold (glyco skeleton bearing) or by the 
addition of Cu. 

Hardness. The ball hardness reaches a maximum at Sb, 60; Sn, 
30; Pb, 10. The brittleness generally increases with the hardness. 
However, alloys with less than 25 per cent Sb and rich in Sn are a 
decided exception, being hard but not brittle, though they are not 
exceptional in regard to compressive strength. Hardness-composition 
is very similar to the relative compressive strength composition, 


43. Studies on Bearing Metals. R. Forg, Internl. Z. Metallog., 8:68- 
94 (1916). 25 Photomicrographs. 


The author has made a study of 22 commercial tin base and 2 
lead base white metals. He identifies constituents in the photomicro- 
graphs and gives arrest points corresponding to their separation for 
some of the alloys. Type of structure of the Sn-Sb-Cu alloys is: Cu,Sn 
needles, SbSn cubes and a soft matrix of ternary eutectic of high Sn 
content. The needles separating out first form a network which pre- 
vent the cubes from sinking and allow a more uniform structure. The 
cubes are harder than the matrix and carry the shaft. They stand 
slightly higher than the matrix and the lubricant circulates in between 
them. The size of the cubes depends on rate of cooling. If this is very 
rapid the Sb may be even held back in the eutectic. 

It was formerly believed that a white metal should be as plastic 
as possible and Hg was added for this purpose. Férg tested alloys 
with as high as 6 per cent Hg but regards it useful only in small 
amounts as a deoxidizer on remelting metal. A double eutectic is 
present in slowly cooled alloys containing Hg. These alloys are more 
sensitive to the rate of cooling and the pouring temperature than the 
ordinary white metals. Their disadvantages are: (1) the matrix is 
soft and tends to wipe; (2) the Hg content is not easily controllable 
on remelting; (3) there is danger of mercury poisoning of the foundry- 
men, 

Effect of Replacing Sn by Pb. Up to 5 per cent Pb the structure 
is little changed, a Pb rich eutectic is formed, the hardness is lowered 
slightly and the melting point noticeably. With a still higher per cent 
of Pb a new constituent appears which is still softer than the Sn-Sb-Cu 
eutectic and causes a decrease of hardness and brittleness, The struc- 
ture of alloys with a high Pb content (67-78 per cent Pb) is: § erys- 
tals (whose domain begins at Sn, 10; Sb, 10 in the system Pb-Sn-Sb) ; 
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small amounts of e crystals (Cu-Sn needles) ; and a matrix of ternary 
eutectic containing 80 per cent Pb. 

Replacement of Sn by Zn. In alloys of high Zn content the first 
constituent separating out on cooling is Zn-Sb in hard crystals, next 
appear hard 8 crystals of the system Sn-Sb (10 per cent Sn) and finally 
the ternary eutectic. These alloys are little used commercially on ac- 
count of their high melting point (over 400° C.) whieh causes oxidation 
of the Sn, and special foundry methods are necessary on account of the 
high pouring temperature which is over 500° C. In alloys of high 
Sn content, which usually contain less than 10 per cent Sb, this latter 
occurs in solution in the Sn in the ternary eutectic. They are very 
similar to the alloys of the binary system Sn-Zn. The binary eutectic 
contains 90 per cent Sn. The primary separation is not conspicuously 
acicular, the SnSb cubes arc present, and there is a double eutectic, 
In these alloys the mutrix is harder than the enibedded crystals, con- 
trary to the modern idea of a bearing metal. 

Pouring temperatures from 350° C, to 950° C. had little effect on 
the structure or the hardness of Sn, 84; Sb, 10; Cu, 6; Pb, 1 or Sn, 77; 
Sb, 1; Cu, 1; Pb, 0.5; Zn, 20. 

= The rate of cooling had great effect on the structure. Both alloys 
were poured into chill molds at 0° C. and again into preheated molds 
and slowly cooled. In the latter case the size of the Sn-Sb crystals 
was about ten times that in the former, and the structure was much 
coarser throughout. 

Effect of Bemelting. Heyn and Bauer had found slight Sn and 
Sb loss in remelting Sn-Sb-Cu alloys. In alloys containing Hg the 
content of this was varicd on remelting, but to what extent was not 
determined experimentally, as this alloy was unsuitable for bearings. 
A Sn base alloy containing 20 per cent Zn lost about 3.5 per cent Zn 
after 6 remeltings, the effect on the structure being evident from the 
photomicrographs. 

Segregation. Of four alloys, Sn, 84; Sb, 10; Cu, 5; Pb, 1 showed 
the least segregation, Shrinkage spaces were present in a 20 per cent 
Zn alloy, due to expansion of the Zn crystals on freezing and to their 
contracting after the surrounding eutectic is frozen. This effect was 
greater for slawer cooling, 

The specific gravities of five alloys are given, 

Hardness. The addition of Hg has no effeet on the ball hardness 
although the matrix must be softer, The hardness of the Cu-Sb-Sn 
system is not altered by remelting but is greatly affected by the rate 
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of cooling. The hardness of Zn containing alloys is lowered by remelt- 
ing. Sb and especially Cu increase the hardness and brittleness. The 
ranges in practice are: Cu, 5-10 per cent; Sh, 10-20 per cent. 

Abrasion Tests (by means of rotating shaft covered with emery 
paper rubbing on the test piece), Su, 84; Sh, 10; Cu, 5; Pb, 1 gave the 
most uniform results. Loss was least for the Zn containing alloys as 
these glazed the emery paper (Hubert 1F), thus exlibiting an unde- 
sirable property for a bearing metal. 

Förg concludes that Sn, 84; Sb, 10; Cu, 5; Ph, 1 and similar alloys 
are the best for bearing metals of those tested, having the following 
advantages over the Hg and Zn containing alloys: (1) little changed 
by remelting; (2) little tendency to segregation and none to cavita- 
tion; (3) they do not wipe, the structure of hard erystals in a softer 
matrix being conducive to good lubrication; (4) the melting point is 
30-40° C. higher than that of the Zn alloys, therefore there is less 
tendency to run out in service; (5) production aud maintenance are 
easier than that of the other white metals. 


44. White Metals, Part I. Antifriction Alloys. A. H. Mundey, 
C. C. Bissett, and J. Cartland, J. Inst. Met., 28:141-183 (1922). 
8 Photomicrographs. 

The exact physical properties desirable in a lining for a bearing 
are not generally agreed upon. It is admitted that in the ideal case 
there is no contact between shaft and bearing. As this condition is 
never perfectly fulfilled it is important to choose a bearing metal 
which will meet the mechanical conditions and also present the kind 
of surface which will tend to spread and maintain the oil film, 

Experience has established the opinion that a homogeneous metal 
or solid solution is not suitable for a bearing but the structure should 
be one of hard erystals in a soft matrix or a hard metal interspersed 
with veins of a softer constituent. The authors’ opinion is that the 
hard parts stand in relief providing channels for the oil, the spread 
of oil over the surface being allied to the phenomenon of eapillarity. 

Mechanical tests were made on nine representative alloys, (See 
Table 7.) 

Service tests consisted in running sets of bearings under service 
conditions for a certain time, if possible several mouths, giving them 
constant attention. Laboratory trials are mere accurate but do not 
represent working conditions. The authors ran a series of tests on a 
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Thurston machine, but the comparisons are not always valid as the 
different alloys are used for different purposes. 

In tin base alloys the Cu-Sn e crystals solidify first and entangle 
the cuboid Sn-Sb + erystals which form subsequently and prevent 
segregation. 

The functions of tin and lead base alloys are similar. The chief 
differences are the action of the Cu-Sn crystals in the tin base alloys 
and that the matrix of the tin base alloys is tougher. 

Greatest skill should be used in handling to avoid over-heating 
and ta avoid leaving the hardening constituent in the ladle by 
liquation. 

The paper was discussed as follows: 

Sir Henry Fowler had the impression that No. 2 (see Table 7) 
was the alloy most uscd in aero work, One point of great importance 
in locomotive and motor car work was the question of resistance to 
alternating pressure, it being necessary to have a metal which would 
not spread when it received a blow. The alloy 85:10:5 was used almost 
universally for locomotive purposes and for other engines where re- 
peated stresses occurred. Some railroads had found it possible to use 
an alloy similar to No, 7, while No. 7 was used very extensively where 
there were no changes of stress. He states that trouble with hot bear- 
ings was sometimes due to the fact that the cuboid crystals stood in too 
high relief, the eutectic having melted away from between them, and 
points out the necessity of temperature control, whieh is dificult when 
pouring from a ladle, 

Dr. W. Rosenhain felt a little doubt about the oil channel theory 
as he does not believe that the hard crystals stand long in relief 
after the pressure is applied. He had yet to find a case where there 
was an appreciable difference in level in a worn bearing. The hard 
constituent was necessary to support the bearing pressure but itself 
needed the plastic support of the softer material as otherwise the hard 
crystals were liable to cleave. He thought that a film of the softer 
material flowed over the hard and acted as a lubricant. Or maybe this 
film was a conglomerate of oil and metal as some evidence tended to 
show.* The nature of the metal plays a part in lubrication. Rosen- 
hain criticizes the authors’ statement on overheating. If the metal is 
overheated and allowed to cool down before casting the effect on the 
structure would he practically nil. 

In correspondence that follows the authors give an account of fric- 

* Work of Hardy and his colleagues. 
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tion machine tests by the Great Western Railroad. Priestly gives tahles 
of the results of some of his experiments. (See Tables 9-10.) 


45. Babbitt Metals—Their Character and Uses. L. D. Allen, Raw 
Material, 6:56 (1923). 

Allen gives the effect of additions of Sn, Bi, Pb, Sb, and Cu to 
bearing metals. (See Abstract No. 60.) He classifies babbitts into tin 
base (70-90 per cent tin), semi-tin base (30-60 per cent tin), and 
lead base (0-20 per cent tin). 

For general heavy duty service a lead base metal is suitable; for 
extra heavy duty, as for light type crushers, cement mills, ete., a 
semi-tin metal containing copper may be used; for extreme speed and 
‚heavy duty service or for bearings subjected to vibration and shocks 
a tin base alloy should be used, The requisites of a satisfactory liner 
are enumerated. Strength should be obtained through the use of Cu 
rather than by too much Sb which increases brittleness. 


46. Lead- and Tin-Base Bearing Metals. R. Kiihnel, Verkehrstech., 
1927, p. 858. (Abstract by Przygode.) l 

The author attempted to find a figure of merit for bearing metals. 
He carried out the most varied mechanical and physical tests on these 
alloys. Treatment in service is a large factor in the life of a bearing. 
The author concludes that tests of finished bearings in special test 
machines are to be preferred to results that have to be further 
worked up. 


47. Diesel Marine Babbitt. Anonymous, Am. Machinist, 61:169 
(1924). 

Diesel Marine Babbitt is manufactured by the Union American 
Metals Corporation, Deane St. and Meserole Ave., Brooklyn, N. Y. 
according to government specifications by the Stanley process, The 
ingredients are separately melted and continuously agitated for 24 
hours. This keeps the tin at the proper temperature and insures 
homogeneity. 


48, The Physical Properties of the American Society of Testing 

Materials Tentative Standard White Metal Bearing Alloys. 

J. R. Freeman, Jr., Proc. Am. Soc. Testing Materials, 22(1): 
207-211 (1922). 

Compressive strength, yield point in compression and Brinell 

hardness were determined at normal temperature and at 100° C. on 
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the 12 white metal bearing alloys adopted as tentative standards 
(129). Tables are viven of analyses and pouring temperatures, also 
of the above properties and of the melting ranges. 

In tin-base alloys, the yield point, ultimate compressive strength 
and Brinell hardness number inerease with the Sb content; the differ- 
ence is greater, owever, at normal temperature than at 100° C. The 
presence of Pb lowers the compressive strength and causes-more rapid 
softening with increasing temperature. Alloys made under commercial 
conditions generally are harder at normal temperature than those 
prepared in the laboratory. Specimens 3 m. x 1 in. diameter gave 
the same results as those 1.5 in. x 0.5 in. diameter. The Brinell hard- 

ness number was slightly higher with the 100 kg. load than with the 
500 kg. 


49. On Lead-Tin-Antimony Alloys. O. W, Elis, J. Inst. Metals, 
19:151-154 (1918). 

Tensile, compression and Brinell hardness tests were made on 21 
alloys of the ternary system Pbh-Sn-Sb containing over 64 per cent Pb. 
Tables of properties are given. 

Ellis’ conclusions are: (1) the effect of the presence of the SnSb 
compound is to render the alloys brittle and weak; (2) the general 
mechanical properties of the alloys containing less than 15 per cent 
Sn are improved by the addition of Sb in quantities not exceeding 10 
per cent; (3) increasing the Sb content increases the hardness. Maxi- 
mum hardness, however, is at about Pb, 70; Sb, 20; Sn, 10. 


50. Thermit-Lagermetall. (Thermit Bearing Metal.) G. v. Hanff- 
stengel, Z. Metallkunde, 15:107-108 (19293). 2 Photomicro- 
graphs, 1 Cooling Curve. 

Lead is especially suitable as a base for a bearing metal on account 
of its antifrietional propertics. The chief disadvantages of the usual 
hardening agents added to lead are: (1) the nature of the resulting 
alloy is such that the lead tends to segregate, which action is, however, 
hindered by the presence of Cu; (2) when Cu is used to harden Pb, 
the pouring temperature increases out of proportion to the hardness. 

The Th. Goldschmidt Aktien Gesellschaft has succeeded in pro- 
duemg a Pb-Sb-Sn alloy, of low Sn content and containing small 
additions of Ni and a few other elements, which, while hard, has a 
moderate pouring temperature. Solidification begins at 429° C. so the 
alloy may be poured at 480° C, The cooling curve has an arrest point 
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at 245° C. (softening temperature). The allay is not changed by 
remelting, and with ordinary care shows little change even after 14 
remeltings, 

The frietional properties are about the same as those of a high 
tin base white metal. The Brinell hardness number is 33 at 20° C. and 
18 at 120° against 13 for white metal at 120° C. 

Thermit has been used with suecess under heavy loads in the main 
hearings of compressors, armature bearings of street railroad motors 
and middle bearings of briquette presses, also for high speed applica- 
tions. Its low price allows it to be used also under less severe con- 
ditions and to take the place of a variety of different alloys. 


51. The Original Babbitt Metal Formula. Anonymous, Brass World, 
1:325 (1905). 

Isaac Babbitt was not the inventor of the metal named after him, 
but was the first to use it for bearings. His original patent, U. 8. No. 
1252, July 17, 1839, is for the mechanical construction of hearings 
and not for the metal. In his specification, he says, “The inner parts 
of boxes may be lined with anv of the harder kinds of composition 
known as Britannia metal or pewter of which block tin is the base. 
An excellent compound for this purpose consists of fifty parts tin, 
five parts of antimony and one part of copper, but I do not confine 
myself to this particular composition”, 

Tt will be readily seen that there is not an original babbitt formula. 
The mixture which he suggests has been found to be too soft for 
ordinary work, 


52, Investigations on Bearing Metals. I. Heyn and O. Bauer, Stahl 
Eisen, 31:569-512 (1911). (Abstract from Mitt. Material- 
prüfungsamt, 1911, Heft 1.) 

A study was made of the propertics of a tin base white metal, the 
specifications (Prussian Railroad Administration) for which were: Sn, 
83.33; Sb, 11.11; Cu, 5.55. 

Efect of Remelting. 


As made up: Sn, 83.10; Sh, 11.10; Cu, 5.43. 
Remelted once: Sn, 86.43; Sb, 8.76; Cu, 4.51 plus impurities. 
Remelted 5 times: Sn, 85.86; Sb, 8,58; Cu, 5.33 plus impurities. 


The loss of Sn and Sb was due to oxidation but there was no trace 
of inclosures of oxide, dross, ete. Remelting causes no apparent change 
in the structure. Ball-hardness is little changed by remelting. 
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Microstructure. Dark: tin rich matrix; bright: Sb-rich cubes; 
bright: Cu-rich needles, 

Cooling Curves. Curve of cooling times are given, The Cu-rich 
needles crystallize out at 366° C., the Sb rich cubes begin to crystallize 
at 264° C. and the eutectic point (solidification of the matrix) is at 
288° C., 

Constituents. The crystals were separated by means of alcoholic 
HCl. Analysis showed the cuboid crystals to be mixed crystals con- 
taining equal parts of Sb and Sn and the Cu rich needles mixed crystals 
containing Sn with 31 per cent Cu. 

Influence of Powing and Mold Temperature. The same structural 
constituents were present in all the castings made. Mg and Al used 
as deoxidizers had little effect on the microstructure. Cold or preheated 
iron molds were used. 


(a) When poured at 400° C. into a cold mold the cubes and needles 

were small. 

When poured at 700° C. mto a cold mold the eubes were small 

and Cu rich needles collected in chains of small ones, 

When poured at 400° C. into a preheated mold the size of the 

cubes greatly increased with a tendency to stellate arrangement 

of Cu rich erystals. 

(d) When poured at 700° C. into a preheated mold the size of the 
cubes and needles increased, with the latter grouped in chains. 


(b 


— 


(c 


— 


Fractures, (a) Fine-grained, matte grey; (b) fine-grained, bright; 
(c) and (d) coarsely crystalline, shining. Chill castings piped, others 
had fiat top, 

Special Phenomena. Melts deoxidized with Al showed the bloom 
of alumina after several weeks, especially on the cut faces and the 
pipe. There was nothing similar with Mg, 

Mechanical Properties. The chill castings ave considerably harder. 
Mg and Al cause a slight increase in the hardness of the alloys cast 
at 400° C. The hardness of a bearing lining was intermediate between 
that of the castings in the chill and the preheated molds. 

In the impact (hammering test) the chill castings absorbed greater 
energy before cracking. In the castings poured at 400° C., Mg and Al 
increased the resistance to hammering in the chill cast alloys but 
decreased that of the others. 
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The compressive strength was less influenced by the speed of cool- 
ing than was the preceding property. Chill castings stood somewhat 
higher loads, and the yield point in general was higher. 

The authors conclude that the addition of Al or Ma is superfluous, 
and might develop harmful properties, 


53. Plastic Babbitt Metal. Anonymous, Brass World, 4:99-100 
(1908). 


“Richards Plastic Babbitt Metal” has been made in England for 
some years. If heated to just below its freezing point it becomes plastic 
and may be worked like plaster. Analysis shows it to be Sn, 82.43; 
Sb, 9.47; Cu, 8.10; Pb, 0.0. The metal is poured into the backing, and 
when it becomes pasty it is worked into shape by a stick of wood. 
The surface may then be hammered or turned to shape. 


54. A Bearing Metal Containing Calcium. Hart, Mfetalltech., 46:73 
(1920). [From Chem. Tech. Ubersicht, 44:220 (1920).] 


Calcium bearing metal is a substitute for Sn hase white metals 
and contains lead with a number of other metals, Part of the Pb 
enters into chemical combination with the Ca which separates out 
as harder crystals from the softer Pb rich matrix. The matrix is harder 
than pure Pb but elastic. The elastic limit in compression is 2000 
kg./mm.? (2850 pounds per sq. in.), which is 2.5 times that of 80 per 
cent Sn white metal. (Brinell hardness number = 35-45; melting point 
= 870° C.; pouring temperature = 450-480° C.). 

The alloy is best melted in clean iron kettles free from Zn. 
Graphite crucibles are to be avoided on account of the formation of 
calcium carbide. Linings of this alloy should not be less than 18 mm. 
thick. The bearmg shell should be tinned and preheated as hot as 
possible so as to solder the lining to the back. l 


55, Lead-Calcium Alloys. R. T. Rolfe, J. Inst. Metals, 25:171-174 
(1921). 1 Photomicrograph. (Communication after Brace’s 
paper: Some Notes on Calcium.) 


The author found a proprietary oil engine bearing alloy to be: 
Ph, 97.05; Ca, 0.79; O, 0.46; As; Cu; Fe; Zn. The structure was hard 
erystals of a Pb-Ba-Ca compound in a Pb rich matrix. It was made 
by an electrolytic process and was much harder than pure Pb. 
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Brinell Hardness Number Scleroscope _ 
500 ke. 1,000 ke. Ordinary Magnifier 
“Hardened” lead 2.2.2000. 31.2 25.5 75 13.5 
Ordinary lead ....-..ce eee 8 ee 2 3 


The alloy emits a “steel like” ring when struck. It is claimed to 
have stood up to 6000 pownds per sq. in. in properly designed bearings 
with satisfactory results, 

There is much more dross in melting, particularly if stirred, than 
in the case of Sn base white metals, due to the oxidation of Ca and Ba. 
It should be melted only as needed, poured at 450° C., the mandrel 
being fairly hot, If feeding is not carried out, a shrinkage cavity will 
form just below the point where the metal is run in. 

The alloy does not possess so great an advantage on the score of 
cost as might be expected of one containing 98 per cent Pb. The author 
claims that the alloy stands high temperatures better than white 
metals, and that the decrease in hardness is less up to 200° C. 


56, Calcium-Lead Bearing Alloy. L. Filipoff, Metal Ind, (London), 
22:145-147 (1923). 2 Photomicrographs, 1 Cooling Curve. 

Advantages: The alloy softens at 300° C. as against 180-220° C. 
for tin-base white metals, Most lubricants boil at about 250° C., there- 
fore a hot bearing is made evident by the smell of oil before damage is 
done, The hardness and wear resistance are greater and the coefficient 
of friction is less than for the tin-base white metals. 

Disadvantages: Alloys are more easily oxidized when melting and 
they must be melted in a comparatively small iron crucible, kept 
covered with charcoal. Bearing pillows must be heated to a higher 
temperature corresponding to the higher casting temperature. Since 
the alloy cannot be soldered to either copper or iron pillows by tinning 
the latter, a special shaped pillow is needed, 

Structure: Pb; Ca, 1.90; Sr, 1.00; Ba, 1.10; Cu, 1.87; Na, 0.10. 
Very hard crystals of Ca-Cu rich in Cu and less hard erystals of Pb 
with alkaline carth metals are embedded in a matrix of two eutecties, 
one hard and rich in Ba and the other soft and rich in Pb, 

Properties: The total linear contraction =: 0.77-0.79 per cent 
(about half that of a Cu-Sn-Zn-Pb alloy). The casting temperature 
(600°-750° C.) has little effect on the grain size and the segregation. 
The resistance to compression = 23,500 pounds per sq. in, at 15° C. 
and 16,000 pounds per sq. in. at 100° C. The Brinell hardness number 
== 27.9 at 16° C. 
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57. Lead-Calcium-Barium Alloys as Bearing Metals. A. M. Boch- 
var, J. Russ. Met. Soc., 1925 (1), pp. 137-139. (Abstract in 
Chem. Abstracts, 21:3036 (1927). 

This article discusses: “an experimental investigation of bearing 
metals with a lead base containing alkali and alkaline earth metals. 
The alloys were manufactured electrolytically from molten chlorides 
with a cathode of molten lead. There was added 16 per cent of Cal, 
to CaCl, and 30 per cent of KC] to BaCh. Remelting caused heavy 
losses in caleium and barium. Binary alloys of lead and barium up 
to 5 per cent of the latter, and ternary alloys up to 1.6 per cent calcium 
did not show any segregation. Ternary alloys with more than 1.5 per 
cent calcium, on the contrary, would easily segregate, Alloys of lead 
ancl barium with over 4.5 per cent barium easily oxidized in the air. 
An alloy of 14 per cent barimm would disintegrate to a powder upon 
exposure to the air. Ternary alloys of 0.5-2 per cent caleium and of 
0.6-4.0 per cent barium were practically stable in air and in water. 
The Brinell hardness number of the alloy Pb, 97; Ba, 2; Ca, 1 was 27. 
An increase of hardness with time was observed; thus an alloy con- 
taining 1 per cent Ca, and 1 per cent Ba increased in Shore hardness 
during 28 days from 9 to 12. Metallographie analysis showed the 
presence of the compounds Pb,Ca and Pb,Ba. In the alloys of lead 
and ealeium, the compound Pb,Ca is embedded in a matrix of lead. 
In the alloys of lead and barium up to ő per cent of the latter, the 
structural components are lead erystals and the eutectic Pb,Ba-Pb; 
if the barium content becomes over 5 per cent then the same eutectic 
is coupled with the eryetals of the compound Ph, Ba. The eutectic melts 
at 290° C. The best etching reagent for these alloys was 0.1 per cent 
HNO,. Useful antifrietional properties can be obtained in the ternary 
alloys of lead with both calcium and barium; the binary alloys of lead 
and calcium are too soft when containing a small amount of calcium, 
and segregate too readily when the percentage is large. The binary 
alloys of lead and harium, when sufficiently hard, easity oxidize.” 


58. Bahnmetall, the New Kind of Bearing Metal. Anonymous, 
Verkehrstech., 1927, pp. 28-29, 

A prime essential in the economical operation of railroads is the 
choice of suitable bearing metals, which are reliable and not too 
expensive. 

In recent years many laboratory and service tests have been carried 
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out on various new bearing alloys containing little or no tin with view 
of eliminating this expensive foreign metal. Some degree of success 
had been obtained before the advent of Balinmetall, This alloy, called 
“Bn” metal for short, stands up under the highest loads as well as or 
even better than ordinary white metals, in spite of the fact that its 
cost is only about one-fourth that of the high tin alloys. 

Bu-metul consists essentially of lead hardened by the addition of 
alkali and alkaline earth metals. Its Brinell hardness at room tem- 
perature is several units higher than that of Regelmetall, and its 
compressive strength and plasticity are about the same as those of 
Regelmetall. Its transverse strength, however, is much higher than 
that of any other white bearing alloy, being greater than that of 
Regelmetall in the ratio 23:13. 

One advantage of this alloy is that it maintains its hardness when 
hot. At its normal running temperature of 60-70° C., the Brinell hard- 
ness of Bn-metal is 8-10 units higher, and at 100-125° C, it is 10-12 
units higher than that of Regelmetall. Regel has very poor strength 
at these temperatures, which leads to hot boxes and to melting out of 
linings. Due to its higher hot-hardness and its higher cold-melting 
point (320° against 232° C. for Regel) Bn is only partially squeezed 
out but is not melted. Before still higher and dangerous temperatures 
are reached, attention is called to the hot box by the oil vapors, When 
rolling stock develops hot boxes, therefore, it need not be cut out of 
a train, but can go itsclf to the shops, which is a very great advantage 
from an operating standpoint. With suitable lubrication hot boxes 
will not occur even if the bearings are overloaded, because temporary 
overheating causes no harm. 

The casting of Bn-metal gives no difficulties in up-to-date foun- 
dries, Railroads not wishing to undertake the casting of this metal 
can get finished bearings from the firms supplying Bn-metal. Finished 
bearings can, after suitable treatment (oiling or coating with paraf- 
fine), be stored for months without the least hesitation. 

The German Reichsbahn Gesellschaft uses Bn-metal exclusively 
in its standard car bearings. Moreover several passenger and freight 
locomotives have had their axle and rod bearings equipped with 
this metal with excellent results. Other transportation systems 
have also recognized the superiority of Bu-Metal and extensive ser- 


vice tests have led them to use this material exclusively for lining 
bearings. 
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59. The Electrolytically Produced Calcituum-Barium-Lead Alloys 
Comprising Frary Metal. Wm, A. Cowan, L. D. Simpkins, and 
G. O. Hiers, Trans Am. Electrochem. Soc., 40:27-49 (1921). 

These alloys, patented by F. C. Frary and 8. N. Temple (U, 3. 
1,158,671-5) are produced by the electrolysis of a mixture of Ba and 
Ca salts of low melting point using a molten Pb cathode and a graphite 
anode. 

Frary metal is essentially a Pb-Ba-Ca alloy with small amounts 
of other elements. It contains up to 2 per cent Ba and up to 1 per cent 
Ca, the balance being Pb. As much as 0.25 per cent Hg and smaller 
amounts of other elements may be added. 

For the constitution of Pb-Ca alloys see Ref. No. 247, and for 
Pb-Ba alloys see Abstract No. 34. 

Addition of Ca up to 6 per cent raises the melting point from 
320° C. to 640° C. due to presence of the high melting point com- 
pound Pb,Ca. (Crystals of this oceur in a matrix of Ph.) Other com- 
pounds exist with higher melting points (up to 1100° C.). 

Addition of Ba up to 4.5 per cent lowers the melting point, Pb,Ba 
and Pb forming a eutectic containing this percentage of Ba and melting 
at 291° C, The structure is a eutectic with an excess of Pb according 
to its composition. 

In the Pb-Ba-Ca alloys, tle eutectic forms at 284° C., otherwise 
the structure is what would be expected from a combination of the 
binary alloys, There is some evidence for solid solutions containing 
up to 0.2 per cent Ca and 0.4 per cent Ba. 

The authors give table of critical temperatures for some of the 
alloys. The liquidus of a ternary alloy system lies above and the 
solidus lies below the melting point of Pb. The melting range is greater 
than with the Sn base white metals. The oxidation is no greater than 
with these latter at the same temperature. 

The hardness of Frary metal is greatly increased by ageing, espe- 
cially for alloys of low Ca and Ba content. The hardness of Pb; Ca, 
0.7; Ba, 0.4 nearly doubles in 27 days. The hardness of the metal may 
also be doubled by heat treatinent. The ageiug period may be shortened 
by the addition of other elements. 

Frary metal compares favorably with Sn base metal for bearings. 
Remarkable antifrictional properties are claimed, while retaining the 
plasticity of Pb. The structure is more similar to the Sn base than to 
the Pb base metals. Frary metal maintains its strength better at 
elevated temperatures than the babbitts, 
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60, Lead-Alloy Bearing Metal Developed. Anonymous, Elec. Ry. J., 
59:647 (1923). 

Frary metal is an electrolytically produced Pb-Ba-Ca alloy. Good 
antifrictionsl properties ure claimed for it, also hardness and strength 
at high temperatures. Under working conditions it develops a fibrous 
structure and a high polish. 

The tensile strength = 13,000 pounds per sq. in.: Brinell hardness 
number = 20-30, tlıe density = 11, the melting point = 621° F. 
(827° ©.), the pouring temperature = 800° F. (427° C.), the specific 
resistance = 188 ohms per mil. ft. 

Results of service tests by seven electric railways are given. 


61, Tempered Lead. Anonymous, Brass World, 1:231-232 (1905). 

“Tempered Lead” or “Noheet” lias been on the market for a year 
or so, It appears to be similar to pure lead except that it is much 
harder and is somewhat resonant. Many analysts do not appear to 
have detected the alloying ingredient and therefore have assumed that 
the article is really tempered lead. 

An analysis by E. S, Sperry shows the alloying ingredient to be 
Na. Analysis gives Pb, 98.51; Na, 1.30; Sn, 0.08; Sb, 0.11, the two last 
elements apparently being impurities. 

As far as is known no * patents have been granted, nor is the alloy 
believed patentable as Pb-Na alloys have been known [or some time, 
though not used for antifriction metals. 

In making up the alloy the amount of Na should excced that given 
by the analysis (say use 2 per cent) to allow for Na loss. The Na 
should be added immediately after it is removed from. the oil. The 
presence of any moisture is liable to cause an explosion. After the 
metal is poured it should be covered with thick oil until it sets, to 
avoid oxidation of Pb. The ingots should be kept covered with 
paraffine, oil, or even lacquer. 

If more Na is added than is called for above, the alloy will be 
brittle. 


62. A Bearing Metal of High Elastic Limit. Anonymous, Iron Age, 
95:1016 (1915). 

“Noheet” is an alloy containing about 97 per cent Pb and hardened 

without Sb, Cu, or Zn. It is manufactured by the Lubricating Metal 


* Apparently this alloy was manufactured under U. S. Patent 803,921 of 
7, 1905, issued to F. W. Moffett.—Ep. E Swee O Nov. 
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Company, of New York. At a compressive stress of 13,000 pounds per 
sq. In. on a specimen Tin, x 1 in. diameter, the sect is 0.0086 in. An 
elastic limit of 11,000 pounds per sq. in., about twice that of genuine 
babbitt, is claimed. The compressive strength = about 22,000 pounds 
per sq. in., tensile strength 13,000 to 15,000 pounds per sq. in, As the 
composition is varied to raise the clastic limit the compressive strength 
is lowered. 

“Noheet” is claimed to have the natural lubricating qualities of 
Pb and a coefficient of friction 25 per cent less than that of any other 
bearing metal. It is adapted for high speeds as well as heavy duty. 
It is impregnated with an alksline substance so that in contact with 
water a slight saponification results and consequent increase in lubri- 
cation. 

The alloy melts at 589° F. (310° C.) but should be poured nearer 
to its melting point than tin base metals. Putting in brass strips should 
be avoided, There is no wear on the shaft even though mill scale 
happens to fall in the bearings. 


63. Ulco Hard Metal. F. C. Frary and 8. N. Temple, Chem. & Met. 
Eng., 19:523-524 (1918). 

Ulco metal was developed in the course of search for a substitute 
for Sb in hardening lead. Ca was tried first but considerable must be 
used to bring the hardness up to that of antimonial lead (Brinell hard- 
ness number = 17). The alloy also did not stand remelting well, but 
easily lost Ca. The discovery was made that if two or more alkaline 
earth metals were added to Pb the hardening effect was several 
times that found if only one were present in the same total amount. 
An alloy was developed which could be remelted several times without 
loss of hardness and which actually contained well over 99 per cent Ph. 
This is covered by United States Patents 1,158,671-1,158,675 inclusive. 

The castings are free from blow-holes, the metal expands to fill the 
voids. l 

Tests were made at the United States Bureau of Standards with 
the following results: A 10 pound ingot of Brinell hardness number = 
25.2 was melted down and chill castings poured at temperatures from 
650°-1000° F. (345°-540° C.). Little change in Brinell hardness num- 
þer resulted. Bearings made of Ulco metal proved much superior to 
genuine babbitt in a lubricated service test. The babbitt bearing ran 
only 6,600 revolutions at 400 pounds per sq. in, while an Ulco metal 
one was still running in good condition after 23,000 revolutions -at 
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1,000 pounds per sq. in. The Ulco metal bearing ran cooler, its friction 
was less and its wear smaller. Its volume loss was still smaller due to 
the greater specific gravity. A bearing of Ulco metal was run dry at 700 
revolutions per min, and 50 pounds per sq. in.; the metal flowed and 
adhered to the shaft after 10 minutes, but the shaft was not damaged. 

Caution. Jf more than a small amount of Sb is added to the alloy, 
the alkaline earth metal separates out and the alloy is ruined. 

Uleo metal is not brittle like antimonial lead. A pronounced in- 
crease in hardness takes place on ageing, which may be accelerated by 
the use of steam heat. An alloy with a Brinell hardness of 8 as cast, 
increased in Brinell hardness to 20.7 after 15 days, but if aged for one 
day at 212° F. (100° C.), the Brinell hardness rose to 25.4. 

Alloys with small amounts of the alkaline earth metals appear to 
be true solid solutions. 


64. Lumen Metal. J. L. Jones, Metal Ind. (N. Y.), 17:283 (1919). 


In answer to a query regarding flaky Lumen metal of composition 
Zn, 88; Cu, 10; Al, 10, Jones replies that the original formula was 
Zn, 85; Cu, 10; Al, 5. Cu and Al should be melted together in a crucible 
and poured into Zn which has been melted separately in a Schwartz 
furnace, When pouring, it should be cooled as low as possible and 
poured rapidly, using large gates. 

Lumen metal is essentially a die-casting alloy, and is usually 
poured into metal molds. Very satisfactory bushings can be made by 
pouring directly into iron molds with no pressure except the static 
head of metal in the gates. If a somewhat softer metal is desired use 
Zn, 88; Cu, 4; Al, 8. By using “Horsehead” zine an alloy may be ob- 
tained having a tensile strength of 40,000 to 50,000 pounds per sq. in,, 
but no appreciable ductility. 

In answer to a similar query (p. 334) Jones states that like all 
alloys containing Al, Lumen metal has a tendency to form an emulsion 
with the air present: in the mold, hence it should be run into the mold 
with as little agitation as possible, 


65. Lumen Bronze. Anonymous, Handbook for Engineers and Ma- 
chine Designers, Lumen Bearing Co., 1922, pp. 17-18. 
Lumen Bronze, having the composition Zn, 86; Cu, 10; Al, 4 is 
made by the Lumen Bearing Company, of Buffalo, N. Y. Tts proper- 
ties are given as follows: . 
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Tensile strength .......cusceeneneeeensenee 32,000-36,000 pounds per square inch 
Elongation in 2 inches.............. arras 0 
Reduction IN ACD cee cece cece e ene 0 


Permanent set. of cylinders 1 inch high and 
1 square inch cross section: 


Under compression load of 25,000 pounds 0.001 inch 
“ “ =o "75000 ~“ 01 inch 
Brinell hardness number.........-..005 tae 114-119 
Pattern maker’s shrinkage.............0005 ¥% inch per foot 
Specifie gravity 2.0... 6... c cee eee een u 5. 
Density oo eee e een tence ener enees an 6.25 pound per cubie inch 


The alloy was patented by Prof. R, ©. Carpenter of Cornell Uni- 
versity and its metallurgy perfected by Mr. C, H, Bierbaun. 

“The high compressive strength of Lumen bronze combined with 
its excellent anti-frictional qualities, make it an ideal metal in pivot 
bearings for turn-tables and swing bridges; for cold neck rolling mill 
table bearings, and crane bearings. 

“It is a standard bronze in electric motor bearings, and in machine 
tool construction has a recognized place. 

“Owing to its high compressive strength, it should be accurately 
fitted when put into service; and since this alloy has a higher coefficient 
of thermal expansion than red bronzes, caution should be taken to 
provide for the same under service conditions, 

“The eapacity of this metal to retain an oil film after it has been 
once established is almost unparalleled. It is for this reason that elec- 
trie motor bearings made therefrom are giving such universal satis- 
faction. It is the ane alloy that has never scored a journal. 

“While other high zine alloys have been tried out, none have met 
with such signal distinction owing to the extreme difficulty of 
combining the elements of this alloy and of avoiding deteriorating 
impurities”, 


66. Outlines Properties of Die Castings. C. Paek, Foundry, 48:695 
(1920). 

Die casting is best adapted for alloys of low melting point such as: 
Zn-Sn, Zn-Cu, Zn-Al, Sn-Cu-Sn-Phb, Sn-Sb, Pb-Sn, Pb-Sb, and Al-Cu. 

The author gives a table of some typical die-casting alloys with 
their uses, which appears on the following page. 

The cost of die casting cannot be computed on a pound basis since 
it depends on the design of the piece, the number and the position of 
the cores, the quantity produced, ete. Sn alloys cost most, then in 
order of decreasing cost Al, Zn, and Pb. 
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Composition and Uses of Sume Typical Die-Casting Alloys. , 
Composition 
— Por Cent 
No. Sn Cu Pb Sb Remarks 
1 90 45 0 55 Genuine habbitt for main and connect- 
ing-rod bearings. 
2 86 6 D 8 Harder than No. 1, for internal combus- 
tion engines. . 
3 84 7 -0 9 Harder than No. 2, for high-grade 
motors. 
4 80 0.20 10 Light stationary motors, 
5 61.5 3 25 10.5 Light duty cheap cars, . 
6 0 Q 83 17 C.T. (coffin trim), light duty bearings. 
7 0 0 $0 10 Softer and more ductile than No. 6, 
8 10 0 su 10 Light duty bearings. ; 
9 5 Q 80 15 Harder than No. 8, but less ductile. 


67. Graphite Antifriction Metal. Anonymous, Brass World, 2:271 
(1906). 


Various attempts have been made to produce an antifriction 
metal that will contain graphite. Some time ago a metal marketed 
under this name was found to contain no graphite, but was simply 
Pb, 80; Sb, 20, It had a coarse black fracture somewhat resembling 
graphite. 

A recent attempt has been made in Germany to make an anti- 
friction metal which actually contains graphite. A mass of coarse 
grains of graphite are embedded or held in a mold and a layer of 
copper then electro-deposited over them, using a regular acid copper- 
plating solution. Another layer of graphite is then placed over the Cu, 
and another layer of Cu deposited. The metal is thus built up in layers 
to the required thickness. 


68. Graphite Bearing Metal. Anonymous, Brass World, 6:207 
(1910). 


These alloys, originating in Germany, cannot be poured, for the 
graphite will be lost, but they must þe shaped by machining. Their 
manufacture is based on the fact that some alloys become plastic 
at a certain temperature. (For instance Sn, 90; Cu, 10 at 420° F.) 
The graphite is incorporated under such conditions and the alloy 
then subjected to high pressure. Suitable alloys for mixing with 
graphite are: Sn, 90; Cu, 10... Sn, 80; Cu, 10; Sh, 10... Sn, 90; 
Ni, 10. 

Tt is stated, but not confirmed, that graphite may be mixed with 
Cu-Pb, 
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69. Graphite Babbitt Metal. G. H. Clamer (Correspondence), Brass 
World, 6:251 (1910). 

Clamer states that he produced the alloys of the preceding abstract 
6 or 7 years previously, and applied for a patent covering them. A 
previous patent, however, existed which was broad enough to caver 
the same idea. This covered the introduction of graphite by subjecting 
the mixture of graphite and metal particles to pressure. Without pres- 
sure the process is of no value. 

Clamer experimented with mixtures of other eutectic alloys and 
graphite. He did not have much success with Cu-Pb-Sn, The babbitt 
graphite mixtures were not very strong though perhaps he added too 
much graphite. 


70. Durex, a Bearing Material Which Holds Oil Like a Sponge. 
Anonymous, Automotive Ind., 50:1072-1074 (1924). 

Durex, developed by the General Motors Corporation, is an ab- 
sorbent, Cu-Sn-graphite bronze. Graphite exists in a finely divided 
state throughout the bronze and interlocked between the crystals. Its 
absorbent quality is due to the capillarity of many fine pores. Struc- 
ture: alpha crystals of Cu-Sn as in ordinary Sn bronzes, 

Durex will take up one-fourth its volume of lubricant and this can 
be removed again only by special methods. Oil can be wiped off the 
surface, but this becomes rapidly oily again. It will not score the 
shaft even if the oil is used up. 

Durex is made in two grades: Standard for steady loads at w pres- 
sure x speed of less than 80,000 pounds per sq. in. x ft. per sec., elastic 
limit = 2,000 pounds per sq. in., pares occupy 25 per cent of volume; 
and No. 1 for piston pin bushings, crank-shaft main bearings and 
other uses under shock and heavy loading, elastie limit = 4,200 
pounds per sq. in., pores oceupy 15 per cent of the volume. The com- 
position of the two grades is the same, the difference being in the 
porosity. The composition may be varied for special conditions. It is 
not advised to make bearings of this alloy over 3 in. long. Lubrication 
required is as follows: plenty if the PV * is over 50,000 pounds per sq. 
in.-ft. per sec., little for a PV less than 50,000 and none if the PV is 
less than 20,000. The lubricant cannot wash the graphite out of the 
metal, 

The author gives the design factors for bearings of this material 
and directions for installing them. A bushing mounted on a plug is 

* Pressure X speed. 
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pressed into the shell, and the plug then withdrawn, the hole con- 
traeting 0.0002 to 0.0004 in. Reaming is detrimental to the surface, 
Any machining will close up the pores. 

No details of manufacture, however, are given. The running clear- 
ances and the method of lubrication are given. 

The coefficient of expansion for the standard is 16.9x 10° per °C 
and for No. 1 is 15.1 x 10". l 


70A. Durex. Anonymous, Automotive Ind., 49:798 (19283). 

The properties of Durex are given as follows; Brinell hardness 
number = 30-40 m., scleroscope hardness = 15-18, Young’s modulus 
==2.5x 10" pounds per sq, in, specific gravity = 5.40, elastic limit 
in compression = 2000-10,000 ‘pounds per sq. in., depending on the 
composition. 


71. Genelite—A New Bearing Material, E. G. Gilson, Machinery, 
29:123-124 (1922). 1 Photomicrograph, 

Genelite is a high grade synthetic bronze containing as high as 
40 per cent of its volume of graphite in a finely divided state. It is 
made by heating the powdered oxides of Cu, Pb and Sn with an excess 
of graphite so as to partly reduce them. The powder is shaped in stcel 
molds under high pressure and then heat treated (baked to sinter the 
metals together).* When polished, genelite ig similar in appearance to 
bronze, but it is low in tensile strength while comparatively high in 
compressive strength. 

Genelite is porous, allowing absorption of 2.5 per cent of oil by 
weight. In many places it may be used without oil grooves, the oil 
being fed from the outer surface by capillarity. It does not machine 
readily and is best shaped by grinding. It is most suitable for plain 
bushings. Owing to its low tensile strength it must be completely sup- 
ported by the housing or backed up by a steel shell, It cannot be made 
as thin as a bronze bushing, An account of a severe service test is given. 


72, A New Antifriction Alloy. R. F. Yates, Sibley Eng. J., 32:6, 11 
(1917). 

Graphite in solid form is impregnated with molten metal under 
hydraulic pressure. Acheson graphite is especially suitable. The re- 
sulting product is named “Graphalloy”. Graphite articles are placed 
in a graphite crucible containing molten metal, a partial vacuum is 


* Detail from a shorter anonymous article on the sume alloy in B ass World, 
18, 26 (1922), y mae 
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first created to expel air from the pores of the graphite and then great 
pressure is applied. Graphite increases 150 per cent in weight, the 
metal content is 60 per cent by weight or 25 per cent by volume, 
Commercial production is at present limited to impregnation with 
babbitt and copper. Results of a dry run test on a Thurston machine 
are given. The operating temperature is considerably higher than that 
of ordinary oi] lubricated bearings. The stcel shaft gradually becomes 
coated with a film of graphite. , 


73. Manufacture of a Self-Lubricating Bearing Material. F. D. 
Jones (Signed F.D.I.), Machinery, 24:631 (1918). 

Graphalloy is manufactured by the Graphite Metallizing Corpora- 
tion, Yonkers, N. Y. It is used for bearings, bushings, brushes and 
contacts of electrical machinery. 

Graphite for bearings is used in the form of hars containing a small 
proportion of amorphous carbon for strength and durability. These 
are first cut and ground to shape. The bushes are first heated at a 
relatively low temperature and molten metal then poured into the 
crucible. The pieces are kept submerged by a perforated plate. The 
temperature is next inercased, copper is poured in at 1940° F. 
(1060° ©.) and the melt superheated to 3000° F. (1650° C.). The 
erucible is then placed in the chamber of a hydraulic press and a 
vacuum created to expel air from the pores of the graphite. In two or 
three minutes the pressure is raised’ to 5000 pounds per sq. in. The 
process is complete in about 5 minutes. All except small pieces are 
immersed in sand for gradual cooling. The work is ground to size. 
Shaft bearings are impregnated with white metal, With babbitt the 
density is increased from 1.8 to 4. The compressive strength is 14,000 
pounds per sq. im. approximately. The alloy is not injured by the 
lubricant. It can be used for light duty at high speed or heavy duty 
at low speed. The bearing pressure should not be over 50 pounds per 
sq. in. of the projected area, and the pressure X speed of not over 200 
it./see.-pounds per sq. iv. Graphalloy is a poor conductor of heat. It 
may be operated at temperatures of 200-300° F. (93-150° C.). 


74, Crilley Mercury Bearing Metal. Anonymous, Machinery, 31:915 
(1925). 
Crilley mercury bearing metal has a soft plastic matrix held by a 
web of tougher material. It is claimed that repeated tests have shown 
that scizure will not occur even with no lubrication, It will not score 
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the shaft. At high temperatures it appears to exude a small amount of 
lubricant. Tt is claimed to expand at the same rate as the shaft, The 
alloy is distributed by the Metal Sales Company, 511 Bergen Ave., 
Jersey City, N. J., and is furnished in solid and cored bars. It is 
elaimed to have a tensile strength of 23,000 pounds per sq. in. and a 
compressive strength of 92,000 pounds per sq. in. 


74a. Rubber in Engineering. (In part.) J. W. Schade, Trans. Am. 
Inst. Chem. Eng., 19:57-70 (1927). 

Use of Rubber Bearings. The relatively low friction between 
metal and rubber which is wet with water has led to the use of rubber 
in bearings for boats, hydraulic turbines and deep-well pumps. These 
bearings are especially superior to babbitt or lignum vitæ if the water 
contains silt or sand, Grit does not embed itself in the rubber. 

The author gives several examples of propeller bearings on boats, 
in which rubber showed practically no sign of wear after several 
months’ service, although when bronze and babbitt bearings had been 
used in the same places they had to be replaced several times in the 
same interval. Rubber bearings have also given good service in a 
Nevada mine where exposed to the abrasive action of ore dust, under 
conditions where babbitt bearings only lasted a month. They have 
given much better service than lignum vite at a hydroelectric plant on 
the Susquehanna. Rubber hearings have permitted more economical 
operation of deep well pumps, in the words of a French report: “There 
is no appreciable vibration in the transmission and its operation is 
absolutely noiseless. The saving in power amounted to about three 
kilowatts per hour (80 hp. pump) and this economy paid for the in- 
stallation in about three months.” Rubber bearings showed slight wear 
after seven months in a coal-washing plant where bronze bearings 
lasted only two months. 


75. Surface Flow Phenomena, J. E. Hurst, Engineering, 100:130-131 
(1915), 5 Photomicrographs, 

The formation of a surface layer of the amorphous phase of a metal 
has a large influence on its wearing properties. The least trouble and 
the best wearing properties are obtained from “glazed” engine cylin- 
ders, bearings, etc. A photomicrograph is given of the interior of an 
old cylinder showing no trace of structure, also one of a new cylinder 
showing a layer of the amorphous phase in the process of formation. 
Ti this is polished away und etched, the normal structure of the cast 
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iron is scen. The thickness of the layer is 0.001 to 0.005 in. in cast iron 
cylinders. The author examined a lower-end couneeting rod hearing 
where the amorphous layer was one sixty-fourth in. thiek. 

The amorphous metal is harder, more tenacious and more readily 
attacked by etching reagents. The first action of the flowing of the 
metal is to fill up the tool marks, An orthodox bearing metal has hard 
particles embedded in a softer matrix. This is undoubtedly correct as 
far as it goes, but the mechanism of action of this type of structure 
is far more complex than appears on the surface. Bearings originally 
haying a duplex structure are now running well with the whole surface 
covered by 2 layer of amorphous metal 0.01 in. thick. 


76. A Note on White Antifriction Alloys. J. E. Hurst, Metal Ind. 
(London), 22:357-358 (1923). 5 Photomicrographs. 


A seized motor bearing was cleaned and microphotographed with- 
out etching. The structure of the metal was evident in the part. that 
seized, but not in the other part. No traces of structure were seen in 
a bearing of the same metal that stood up in service. 

This would seem to disprove the assumption that under conditions 
of running the hard crystals stand out in relief, leaving cavities for 
the distribution of the lubricant. Bearings examined by the author 
which did show structure were the ones which wore with undue 
rapidity. Rapid wear produces considerable of the products of dis- 
integration which act as a relief polishing agent. 


77, On the Transformations in Bronze, Aluminum-Bronze and 
Brass. T, Matsuda, Sei. Rept. Tohéku Imp. Univ., 11:223-268 
(1922). 

Conclusions in regard to transformations of bronze are: (1) ther- 
mal analysis gives a eutectoid transformation at 580° C, on heating 
and at 505° C, on cooling; (2) discontinuous changes in length and 
electrical resistance occur at the eutectoid temperature; (3) specimens 
quenched from above the eutectoid temperature have a higher tensile 
strength and elongation and a lower hardness than those quenched 
from below the eutectoid temperature. 

The eutectoid temperature of Al bronze is at 560° C., and there is 
a temperature difference of 60° between heating and cooling at the 
ordinary rates. Conclusions (2) and (3) above, apply also to Al bronze. 
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78. Investigations of Systems Forming Layers in the Liquid 
State (I. Lead and Copper). K. Friedrich, Metall Erz., 1:575- 
586 (1913). 

The author summarizes the results of previous work on this system 
und reproduces the diagram of Heycock and Neville. This was deter- 
mined from cooling curves, and while it is probably accurate over 
most of the range, it does not give the mutual solubility of the two 
liquid phascs so accurately on account of the small! heat effect involved. 

The present author has investigated the solubility of the liquid 


Note: Sulphur lowers upper 
Lit Of E-Liguid 
Phase Field. 


Liquid 


\ 
~ 





Rie, 1L—Lquilibrium Diagram of the Copper-Lead System 


phases by the method of Spring and Romanoff, using improved appa- 
ratus and technique, The melt is stirred mechanically and then let 
stand for a time. Samples of the melt are taken at different heights 
in the crucible by means of a quartz pipette, Analysis of these samples 
gives the composition of the two layers, or even shows variation in 
composition within a layer. 

The temperature of complete miscibility decreases with the time 
of standing. For weak stirring and then standing for one hour this 
temperature is about 1300° C., or at 1150° C., if the melt was rapidly 
heated up to 1800° C, With strong stirring and 15 hours’ standing the 
temperature of complete miscibility was 1025° C. If the solubility 
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curve is flatter, the nearer is the approach to equilibrium. The eompo- 
sition limits of the two-liquid phase region are 19 and 54 per cent Cu. 
For Friedrich’s equilibrium diagram see Fig. 1. 


79, Copper-Nickel-Lead Alloys. W. Guertler and F. Menzel, Z. 
Metallkunde, 15:223-224 (1923). 

The system Cu-Ni-Pb includes two binary systems which are not 
miscible in all proportions in the liquid state. Cu-Pb are immiscible 
between 36-86.5 per cent Pb and Ni-Pb between 30-84 per cent Pb. 
Cu and Ni are miscible in all proportions. However, by melting Cu, 75; 
Ni, 25 with Pb, the authors were surprised to obtain alloys whose 
constituents were miscible in the liquid state, and which did not seg- 
regate, The structure was mixed erystals of Cu-Ni in a eutectic matrix 
of practieally pure Pb. 

Alloys containing about 60 per cent Pb, about the middle of the 
regions of immiseibility in the binary systems, were investigated to 
find the approximate limits of these regions on the ternary diagram. 
It was found that miscibility of Pb and Cu could be brought about 
by 2.5 per cent Ni and that of Ni and Pb by 6 per cent Cu, therefore 
these regions occupy only a small part of the ternary system. 

Very accurate determinations were not possible, since, as the nearer 
the head of this region is approached, the densities are more nearly 
the same, and there is correspondingly less tendency to segregate. 
Formations of emulsions occur which become more fine grained as the 
limit is approached and grade into perfect solutions. 

These facts may explain the favorable effect of Ni on the equi- 
librium of the allay Cu-Pb used for bearing metals and other purposes. 


80, Constitution of Tin Bronzes, 5. L. Hoyt, Trans. Am. Inst. Min- 
ing Met. Eng., 60:198-205 (1919). 14 Photomicrographs. 

Hoyt finds a heat effect at 575° C. in the alloy Cu, 79; Sn, 21 
{a -+ field) in addition to one previously known at 520° C. The 
former heat effect is more marked in the Cu-Sn-Zn alloys rich in Cu 
and Sn at about 600° C. A series of photomierograplis shows a com- 
plete transition from the high to the low temperature modification. 


80a. X-Ray Analysis of the Copper-Tin Alloys. A. Westgren and 
Gösta Phragmén, Z. anorg. allgem. Chem., 175:80-89 (1928). 
X-ray analysis has shown that the various phases occurring in 
the copper-tin system are structurally analogous to those of the 
copper-zine system. 
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The lattice parameter of the alpha bronzes increases with the tin 
content from 3.608 A for pure copper to 3.693 A for the saturated solid 
solution containing a little over 15 per cent tin. 

The beta phase, which occurs at higher temperatures, has a body- 
ventered cubic lattice with a lattice parameter of 2.972 A at 15 atomic 
per cent tin, the two kinds of atoms being distributed at random 
among the points of the lattice. 

The phase whieh is sometimes called Cu,Sn gives powder photo- 
grams which are very similar to those of the gamma phase in the 
copper-zine and copper-aluminum systems. These photograms show 
the lattice to be face-centered with an elementary cube containing 
416 atoms and an edge having a length of 17.91 A. The phase is homo- 
geneous at the composition corresponding to the formula CugSn,. 
The valence electron concentration is then 21:13, the same as that 
of the fundamental compounds of the corresponding Cu-Zn and Cu-Al 
phases, which, according to Bradley, have the formula Cu,Zng and 
CupAl, respectively. 

The phase usually designated as Cun has a hexagonal close- 
packed lattice, the parameters changing with the tin content from: 


iy == 2747 A, fg = 4.319 A, 3/1 = 1.572 to: 
a = 2.755 À, œ= 48319 Å, an/ar = 1.568 


In this phase, also, the copper and tin stoms are distributed at random 
among the points of the lattice. 

The phase occurring at about 60 per cent tin at low temperatures 
has the structure of nickel arseniate. The tin-saturated phase has the 
lattice parameters: a, = 4.190 A, a, = 5.086 A, a./a,; = 1.214. The 
copper atoms in excess of the composition CuSn are contained within 
the body of the lattice and are distributed at random. 


81. A Contribution to the Study of Phosphor-Bronze. O, F. Hud- 
son and E. F. Law, J. Inst. Metals, 3:161-186 (1910), 22 Photo- 
micrographs. 


The authors refer first to the work on the binary systems Cu-Sn 
and Cu-P (by Heycock and Neville, and Heyn and Bauer respec- 
tively). In the latter system a Cu-Cu,P eutectic ig formed at 8.2 per 
cent P and 705° C., but Cu can dissolve more Cu,P than Heyn and 
Bauer. indicate. In low phosphorus alloys the eutectic is never visible 
unless the cooling has been rapid. Alloys with 0.9 per cent P are 
homogeneous after 2 hours at 690° or 4 hours at 640° C. Cu cooled ex- 
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tremely slowly nay dissolve 13 per cent Sn but in ordinary casting 
practice only § per cent is dissolved and above 8 per cent Sn, Un,Sn 
is present. This forms a binary eutectie with Cu,P, having the compo- 
sition Cu, 72; Sn, 25; P, 3, and this eutectic with the alpha solution 
of tin in copper gives the ternary eutectie having the composition 
Cu, 81; Sn, 14.2; P, 4.8 and melting at 620° C. 

Phosphor-bronzes are classed as: (1) malleable, with less than 6 
per cent tin and 0.3 per eent phosphorus or (2) cast (uscd for bear- 








~ P 
Fre. 2—Copper-Tin-Phosphorms System, Constitution of Solid Alluys 


ings} with less than 12 per cent tin and 1.5 per cent phosphorus, In 
the ease of bearings the hard constituent is the tebnary cutectic and 
sometimes free Cu,P. The alloys containing lead are the same exeept 
for the presence of small globules of lead which act as a lubricant. 

Discussion. Several members objected to the anthors’ conclusions 
as to the existence of a ternary eutectic. 

C. A. Edwards stated that for a ternary eutectic to exist, cach of 
the three binary systems must cach possess one, but Cu-Cu,Sn has 
none, The point in question might be a ternary non-variant point. 
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The presence of three constituents might be explained by the deposition 
from the liquid of CusP and beta, while the latter partly changes into 
beta in the sdlid state. The stable alloy would contain Cu,P and beta. 

The authors admitted that Edwards’ view is correct and later con- 
firmed it experimentally by annealing one of their alloys and causing 
the disappearance of the third phase in the so-called ternary eutectic. 

W. B, Parker stated that up to 1 per cent Pb, Pb occurred in the 
eutectic only. 


82, Copper-Tin-Phosphorus (The Phosphor-Bronzes). Wm, Camp- 
bell, Liddell's Handbook of Non-Ferrous Metallurgy, New 
York, McGraw-Hill Book Co., 1926, pp, 41-42, 


“The phosphor-bronzes in the wrought form are used for sheet, 
wire, etc. The castings are somewhat harder and stronger than or- 
dinary bronze and may contain from 2 to 10 per cent Pb (the leaded 
phosphor-bronzes) in bearings. , 


“(1) Wrought: 3.5 to 10 per cent Sn, 0.05 to 0.5 per cent P. 
(2) Cast: (a) 6.0 to 11 per cent Sn, 0,005 to 0.5 per cent P. 
(b) 6.0 to 10 per cent Sn, 0.05 to 1 per cent P, 2 to 10 
per cent Pb. 

The thermal diagram is shown on page 223. 

“Copper and Cu,P (14.2 per cent P) form a eutectic at 8.25 per cent 
P and 707° C. Copper holds 0.2 per cent P or more in solid solution. 
In the copper-tin diagram (see Fig. 3) there is a reaction point B at 
800° C. and 25.5 per cent Sn (Alpha + liquid > beta). Hence in the 
ternary diagram the Cu-Cu,P binary line eR must meet the reaction 
line BR at a reaction point R, which is Cu, 81; Sn, 14.2; P, 4.8 at 
610° C., and Rs, the binary beta +- Cu,P, must fall in temperature 
to s. At R the reaction alpha + liquid — beta + CusP occurs. For ex- 
ample, an alloy x with say, 10 per cent Sn and 0.25 per cent P begins 
to freeze out dendrites and grains of alpha until the liquid .reaches 
the line BE near the reaction point at y. From y to R the reaction to 
form beta occurs, while at 2 this reaction continues and Cu,P freezes 
out. The alloy goes solid here and consists of dendrites of alpha with 
a small amount of a matrix of beta + Cu,P. At 587° C. beta changes 
to gamma +- alpha and at 520° C. the gamma breaks up into the 
eutectoid of alpha and Cu,Sn or delta, and the matrix then consists 
of a mixture of the copper-tin eutectoid and Cu,P. 

“The saturation point of CusP in solid copper has not been accu- 
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rately determined, but it is over 0.2 per cent. The area of alpha alone 
for castings is approximately Aq’d’b’, while for wrought alloys it is 
Aadb because the alpha is homogencous and saturated, whereas in 
castings it is cored and unsaturated”. 





°P 
Fig. §.--Copper-Tin-Phosphorus System, Constitution of Solid Alloys 


83. On Lead-Antimony Alloys. W. Gontermann, Z. anorg. Chem., 
55:419-425 (1907). 


The author investigated the equilibrium of this system by the 
method of thermal analysis. He tabulated the temperatures of primary 
erystallization, eutectic temperatures and eutectic durations, Small 
melts (17-28.5 grams) were used, An atmosphere of hydrogen pre- 
vented oxidation. For the microstructure of the alloys of this system 
he refers to Charpy’s work. Strong segregation occurs between 60 
and 87 per cent Pb, the primary Sb crystals floating to the top. This 
segregation cannot be entirely obviated by stirring. Two arrest points 
with a temperature difference of 4-6° C. were observed at the entectic 
temperature. 
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Matthiessen's electrical conductivity work indicated that Ph and 
Sb formetl an intermetallic compound, but the author found no evi- 
dence of sneh even after leaving the melt at 600-650° C. for a long 
tine (6-11 hours) and cooling to 250° C. in 5 minutes. 

The double euteetie point was also observed in an atmosphere 
of nitrogen. The author explains it as due to the large and small Sb 
erystals having a different eutectic temperature with Pb. 


Sb + Liquid 


Sb + Eutectic 





w+ Eutectic 


D 20 a0 AO d &10 yo ao 910 
Fie, 4—Equilibrium Diagram of the Lead-Antimony System 


Any solubility of one element in the other could not be detected. 
Alloys containing only 1 per cent of either element showed the eutectic 
plainly, confirming the work of Stead. Matthiessen's results must have 
been due to segregation. 
[The electrical conductivity measurements of Dean, Hudson and 
Fogler indieate that Pb may dissolve about 3 per cent Sb. See Ind. 
Eng. Chem., 17:1246 (1926).] 


84. Contribution to the Constitution Diagram of the System 
Lead-Barium. J, Czochralski und E. Rassow, Z. Metalikunde, 
12:337-340 (1920). 7 Photomicrographs. . 

Thermal and niucrographic analyses of Pb-Ba alloys up to 8 per 
cent Ba were made, The alloys were prepared most conveniently by 
the use of the alloy Pb, 90; Ba, 10. No solid solutions were formed in 
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this range but a eutectic is formed of Pb and apparently Pb,Ba, and 
containing 4.5 per eent Ba. The eutectic temperature is 282° C. 


85. The Binary Alloys of Lead with Lithium up to 2.2 Per Cent 
Lithium, J. Czochralski and E. Rassow, Z, Metalllsunde, 
19:111-112 (1927). 9 Figures. 1 Table. 

The systern lead-lithium up to 2.2 per cent lithium is composed 
of a solid solution of lithium in lead and a compound which apparently 
has the formula Pb,Li,. These form a eutectic whieh coutains 0.65 per 
cent lithium. 


TRANSLATION. 


Up to the present there has been no work done on the lead-lithium 
alloys. It is known that the properties of lead alloys are altered by 
lithium in a manner similar to that occurring on the addition of 
sodium. The hardness of the alloys is increased and their properties 
are altered by ageing. As a rule, very small amounts of the metals in 
question suffice, usually only a few hundredths of a per cent, The 
alloys of higher content are of no technological value as they have 
the unpleasant property of low resistance to corrosion. The investi- 
gation, therefore, covers only alloys with low lithium contents. 

Thermal as well as micrographical studies were made of the alloys. 
Pure lead was used in their production. The lithium was introduced 
in ınetallie form (98 per eent pure). For a protecting layer a mixture 
of lithium chloride and potassium chloride in the ratio of 3:2 was used. 
In the course of the investigation, when the necessity arose of replac- 
ing the potassium chloride by a lithium salt, lithium fluoride, because 
of the great rise in melting point, a reaction occurred between the 
bath and the protective layer, so that potassium was taken up by the 
alloy. Cooling curves were taken of a charge of 300 grams of the alloy 
in a chamotte crucible. In spite of careful alloying and immediate 
stirring, a lithium loss could not be avoided, especially with high 
lithium contents. Each alloy, therefore, was analyzed. On adding the 
lithium a strong reaction occurred at high lithium contents, The tem- 
perature sometimes rose more than a 100° C. and a crackling was 
heard in the melt for quite a long time, probably due to burning 
hydrogen. 

The results of the thermal analysis ure given in Figure I and in 
Table 1 of the original paper, 

It appears that the solubility of lithium in lead is very small, 
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between 0.04 and 0.09 per cent. From this lithium content up to 2.1 
per cent lithium there is a eutectic at 230° C., the eutectic composition 
being about 0.65 per cent lithium, At higher lithium contents the tem- 
perature of primary crystallization rises rapidly. It reaches 470° C. 
at 2.15 per cent lithium, 

At this composition the cutectic horizontal could still be observed. 
At higher lithium contents the temperature of primary crystallization 
increases still more and new arrest points appear, while the eutectic 
arrest at 230° CŒ. is no longer to be observed. These alloys were not 
included in the diagram because no unequivocal explanation can be 
given of the thermal and microstructural phenomena. These alloys, 
moreover, have no technological importance in view of their high de- 
composahility. It may be mentioned that on freezing of alloys con- 
taining more than 5 per cent lithium, shining metallic drops are 
squeezed from the interior of the alloy out on the surface at a tempera- 
ture of about 200° C. 

The micrographie investigation fully confirms the findings of the 
thermal analysis. Figures 2-9 of the original article are reproduetions 
of micrographs of lead alloys containing increasing amounts of 
lithium. At 0.09 per cent lithium (Fig. 3) some eutectic is distinctly 
visible, but is not noticed below this content of lithium. Fig. 2 shows 
a specimen containing 0.04 per cent lithium. After a transition stage 
corresponding to a lithium content of 0.5 per cent (Fig. 4), a pure 
eutectic is arrived at (Fig. 5) with a lithium content of 0.65 per cent, 
agrecing with the thermal analysis. Further increase in lithium eauses 
the appearance of a crystal phase which corresponds, iu free form, to 
one of the constituents of the entectic (Fig. 6 with 0,89 per cent 
lithium). The proportion of the surface accupied by this constituent 
increases with increasing lithium content. Figure 7 shows the structure 
of an alloy containing 1.4 per cent lithium. The eutectic igs visible under 
the microscope up to 2.15 per cent lithium. Above this appears a new 
constituent as may be seen in Figures 8 and 9, 

The production of micrographs presented a few difficulties, as, 
especially with the alloys of high lithium content, only a few seconds 
elapsed after preparing the specimen before the surface became worth- 
less due to tarnishing. The finishing polish was made near the photo- 
graphic apparatus, and the moisture from the polishing medium 
removed with a cloth wet with a little alcohol. Only in this way could 
any images be secured, 

The observations appear to justify the conclusion that the second 
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constituent of the eutectic is a compound. The melting curves and the 
photomicrographs give uo evidence of any cuteetic above 21 per ecut 
litinuns I¢ is to be assumed then, that the composition of the compound 
lies in the immediate neighborhood of 2.1 per eent lithium, ompunta- 
tion shows that this composition corresponds to the formula PhLi 
There is then a striking analogy to the lead alkaline earth metal alloys, 
whose compounds correspond to the formula Pb,M. It is fairly safe to 
conclude then, that the compound Pb,Li, oecurs in the lead-lithium 
alloys with low lithium content. 

The alloys up to 2.15 per cent lithium are stable even after lying 
a long time in the air. Alloys with more than 2.18 per cent lithium 
decompose rapidly in the air, 


86. Contribution to the Constitution Diagram of the System 
Pb-Sr. E. Piworwarsky, Z, Metalllunde, 14:300-301 (1922). 
2 Photomierographs. 

Incidental to an investigation on Mathesius metal (Pb-Ca-Sr), 
which he elaims is a better bearing metal than either Lurgie or Frary 
metal, the author has investigated the constitutional diagram of the 
system Pb-Sr up to 12 per cent Sr. 

Sr is practically insoluble in Pb. The melting point rises rapidly at 
first with increasing Sr content, It reaches a maximum at 12.85 per 
cent Sv, corresponding to PbsSr at 676° C. The eutectic temperature 
coincides with the melting point of Ph. The structure is Pb,Sr crystals 
in a matrix of Pb. 


87. Constitution of the Lead-Base Babbitts. Win. Campbell, Lid- 
dell’s Handbook of Non-Ferrous Metallurgy, New York, Me- 
Graw-Hill Book Co., 1926, pp. 33-34, 

The following description of the diagram is quoted: 

“o... Within the area ArOf antimony is the first solid to separate 
out of the melt. In the area fOPd, crystals of SbSn are the first to form. 
In the area BrOPg, lead freezes out first of all, while in the arca CdPg 
the first solid to form is Sn-alpha, The line rO is the binary Sb-Pb. 
The line OP is the Binary SbSn-Pb, while Pq is the binary Sn,alpha- 
Ph. There are two reaction lines. Along fO it is Sb + liquid — SbSn. On 
dP it is SbSn + liquid - Sn,alpha. At the point of reaction o the re- 
action Sb + liquid O > Sb8n -+ Pb occurs. At P it is SbSn + liquid P 
— Sn,alpha-- Pb. 

“Due to these reactions, when the alloys are finally solid, only 
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those within the area ABg contain any free antimony, and only those 
within the area gBe eontain any free SbSn. In the area gBof any 
antimony that freezes out is used up in the reaction along fO or at O, 
while in the aren eBPd any SbSn that has frozen out is used up by the 
reaction along dP or at P. 

“The area drOf, in which Sb is the first to freeze is divided into 
two fields by the line AQ. Any alloy on the left of AO freezes out 
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crystals of Sb and the liquid finally reaches the line rO. Here a binary 
of Sb and Pb freezes out and the liquid finally reaches the composition 
O at 245° C. and Sb.10, Sn 10, and Pb 80 per cent. Here the reaction 
Sb + hquid O-s SbSn + Pb oceurs and, as the liquid is used up be- 
fore the Sb, the alloy goes solid here. On the right hand side of AO, 
the Sb in freezing out enriches the liquid in lead and tin until it 
reaches the line fO. Then the reaction Sb +-liquid > SbSn occurs, the 
liquid changing in composition along fO till O is reached and the alloy 
goes solid as before, This is true for all alloys above the line gB. For 
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those lying between gB and fO the Sb is used up before the liquid and 
then the alloy acts as if it were in the area where ShSn freezes out. 

“Similarly the area of SbSn is divided in two by the Hne gP. Alloys 
on the left of this line in freezing out SbSn reach the binary line OP 
and follow it as the binary Pb-ShSn freezes out. Those on the right of 
gP finally reach the reaction line dP and then the liquid follows dP 
to P as Sn-alpha forms by reaction. In both cases at P there is the 
reaction SbSn + liquid P— Sn-alpha + Pb. Alloys above the line eB 
use up the liquid before the SbSn, and therefore go solid at P. Those 
below this line use up the SbSn in the reaction before all the liquid 
has gone and continue freezing along the line Pq by separating out a 
binary of Ph and Sn,alpha. The point P is 189° C. and 2.5 per cent 
Sb, 40 per cent Pb, 57.5 per cent Sn. 

“In the area dPgC the first solid to form is Sn,alpha and the liquid 
reaches the line Pq and follows it by separating out a binary of Ph 
and Sn,alpha. 

“In the field in which Pb freezes out first the liquid may reach 
rO,OP or Pq and then freezes as described above”. 


88. On the Alloys of Sb with Mn, Cr, Si, and Sn; of Bi with Cr, 
Si, and of Mn with Sn and Pb. R. 8. Wiliams, Z. anorg. 
Chem., 55:1-33 (1907). 24 Photomicrographs, 

The author made thermal and micrographic analyses of the system 
Sb-Sn. He refers to the previous work of Reinders and Gallagher. He 
regards the heat effect at 310° C. found by the former as an unneces- 
sary complication of the diagram. He finds the (gamma) phase (sec 
equilibrium diagram) to have the composition SbSn. 

Sb and Sn are completely miscible in the liquid state and in the 
solid state form three series of solid solutions, viz., those containing 
0.8 per cent, 49.8-52.8 por cent and 90-100 per cent Sb. 

The author's diagram is given in Fig. 6, 


89. The Constitution and Structure of Certain Tin-Antimony- 
Copper Alloys. O. F. Hudson and J. H. Darley, J. Inst. Metals, 
24:361-371 (1920). 15 Photomicrographs. 

The structure of Sn-Sb-Cu alloys follows. Up to 7 per cent Sb con- 
tent this is held in solid solution in Sn, Above 7 per cent Sb cubieal 
crystals (y) appear. Cu gives rise to a Cu-Sn constituent which forms 
a eutectic with the Sb-Sn solid solution. The eutectic contains about 
1 per cent Cu. If the Cu content is greater than 1 per cent erystals are 
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formed. The order of solidification is: ¢, y, eutectic. The ¢ crystals are 
feathery, preventing segregation by keeping the y cubes from rising. 
Therefore, some Cu is uccessary to prevent segregation. 

The author describes an investigation of the white metal alloy, 
Sn, 89.0; Sb, 8.7; Cu, 2.3. The size of the y cubical crystals depends 
more on the mold temperature than on the casting temperature. The 
distribution of the ¢ crystals depends more on the casting temperature. 

The essential condition for a coarse angular structure is undis- 
turbed cooling from a temperature about 50° ©. above the solidification 
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point. The casting temperature should not exceed this, The structure 
is sensitive to the rate of cooling only near this critical temperature. 


90. The Tin-Base Babbitts. Wii, Campbell, Liddell’s Handbook of 
a Non-Ferrous Metallurgy, New York, MeGraw-Hill Book Co., 
1926, pp. 35-36, 

“Yin containing up to 10 per cent Cu has been used for various 
purposes. An alloy with 10 per cent Cu is used for bearings. Alloys 
with lower percentages of copper are used for castings (ornamental) 
and up to 1 per cent Cu the metal can be fabricated and even rolled 
out inte sheet. The commercial alloys, however, usually contain anti- 
mony as well as copper. 
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“Referring to the right hand side of the copper tin diagram, 
alloys with more than 8 per cent Cu on reaching the liquidus curve EF 
begin to freeze out Cu.Sn, a hard brittle compound. On reaching 
415° C. a reaction occurs; Cu,Sn + liquid F ~> efa, This eta has been 
isolated and found to contain about 65 per cent Sn and has therefore 
been called CuSn. More recent work shows that it contains about 60 
per cent Sn and may be Cu,Sny. As the temperature falls, more Cu,Sny 
separates out and the liquid changes from F to @. At 225° C, the 
eutectic freezes as a mixture of Cu,8n, and tin, In ordinary cooling, 
however, the reaction at 415° C, is never complete; the Cu,Sn, forms 
a coating on the crystals of Cu,Sn and* the reaction stops. Alloys with 
over 8 per cent Cu therefore consist of Cu,Sn, Cu;Sn,, and the cutectic 
containing 1 per cent Cu. 

“The ternary diagram of Sn-Cu-Sh has been worked out for the 
tin-rich alloys only and is given below. The eonstituents which first 
freeze out in the various fields are shown. The line aP is the binary 
SbSn-eta (Cu-zSn,), the line PG the binary of Sn-alpha and Cu,Sn.. 
Fb is the reaction line: CuySn + liquid > cta oy Cu,Sn,, while dP is 
the reaction ShSn + liquid — Sn,alpha. At tlıe point P (1 per cent 
Cu, 7.5 per cent Sb) there is the reaction: 

SbSn + liquid P —— Sn-alpha + Cun, 


Alloys within the triangle CFb begin to freeze by the formation of 
platy crystals of Cu,Sn until the line Fb is reached when the reaction 
takes place and these platy crystals are soon covered by a layer of 
eta or Cu,Sn, and the alloys behave as if they belonged to the field 
bFGPa. This latter field is divided into two by a line from.P to 40 
per cent Cu (Cu,8n,). Above this line solid efa freezes out until the 
line aP is reached. Here a binary of eta and SbSn freezes out until 
the liquid has the composition P. Here occurs the reaction between the 
SbS8n and liquid to form Sn-alpha + ela and the alloy goes solid. 
Alloys below the line also freeze out crystals of eta and the liquid 
finally reaches the line PG and follows it as the binary 5n-alpha- 
Cu,Sn, freezes, Both of these types of alloys are used for bearings. 
Britannia metal lies within the field AdPg. Sn, alpha freezes out first 
of all and the liquid reaches the line PG. Then the matrix freezes as a 
binary of Sn-alpha and Cu,8n,. 

“Alloys in the region BdPa begin to solidify by separating out 
cubes, ete., of SbSn until the liquid reaches aP or dP, In the first case 
there is a binary of SbSn and eta, in the second a reaction to form 
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Sn-alpha. At P there is the same reaction as before. The cubes of SbSn 
are lighter than the liquid out of which they freeze and tend to segre- 
gate toward the top of the alloy. Ii, however, there is an alloy in 
the field to the left of the line aP, the first crystallization is a network 
of rads and needles of Cu,Sn,, on which the SbSn cubes later form and 
segregation is more or less prevented”. 
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91. Micro-chemical Examination of Lead-Antimony, Tin-Anti- 
mony, Tin-Arsenic Alloys, Etc. J. E, Stead, J. Soc. Chem. 
Ind., 16:200-210 (1897). 

The author made up 15 alloys of the system Pb-Sb containing 
from 1-95 per cent Sb. The specimens were polished and etched with 
dilute nitric acid. Micrographs are given of some of the specimens. 
Alloys containing over 15 per cent Sb showed cubical crystals. These 
were isolated by immersing a bar of the 30 per cent Sb alloy in 10 
per cent nitric acid for several days. The crystals on the surface be- 
came detached and were digested in nitric acid and thoroughly washed. 
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Analysis shower that they contained only 0.2 per cent Sb. The eutectic 
alloy contained 12.7 per cent Sb. 

The Sn-Sb alloy was treated in the same way. The cubical crystals 
present, when the Sb content was over 7.5 per cent, were isolated by use 
of 1:9 nitric acid and analysed. They cantained 49.46 per cent Sn, that 
is, within the limits of experimental error, they had the composition 
Sp5b. A photomicrograph of one of the erystals under a magnification 
of 200 diameters is given. It is eubteal but has two octahedral faces, 


92, Segregation Phenomena in Metallic Alloys. O. Bauer and H. 
Arndt, Z. Metalllsunde, 13:497-506, 559-564 (1921). 

Binary alloys forming a simple eutectic system will segregate if 
the difference in densities is great and the cooling interval is long. To 
prevent segregation the alloy should be cooled as rapidly as possible 
in order to entrap the first separated metal in the crystals of the 
eutectic and prevent it from rising or falling. 

The conditions are quite otherwise in the case of metals forming 
solid solutions with each other. Experiment has shown that solid solu- 
tions are always richer in the constituent of higher melting point 
than the melt with which they are in equilibrium. The authors trace 
process of solidification of a mixed crystal system. If the alloy is 
slowly cooled so that equilibrium conditions are maintained and 
diffusion has time to act neither mass nor intracrystalline segregation 
should be present. However, in rapid cooling the crystals on the walls 
and the nuclei of all crystals should be richer in the constituent of 
the higher melting point (intracrystalline segregation), which may lead 
to mass segregation. 

The effect of the rate of cooling was confirmed by experiments on 
several mixed crystal systems in regard to mass segregation and, 
except in one case (Cu-Mn), in regard to intracrystalline segregation. 

Segregation was anomalous in those alloys tending to mass segre- 
gation, te., in contrary order to that expected from theory. This was 
attributed to the difference in velocity of crystallization along the 
different crystalline axes. It was observed most frequently in crystals 
tending to grow in one direction. 


93. Tests on Bearing Metals. H. A. Holz, Chem. & Met. Eng., 
27:1061-1062 (1922). ' 

The author recommends standardization of tests on bearing metals, 
He advocates standard properties: (1) iniero-lardness, or micro- 
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charactor scale developed by the American Society for Testing 
Materials; (2) elastic limit in compression; (3) compressive strength 
(loacl-diameter curves should be given); (4) melting point (which 
should be as high as possible); (5) Brinell hardness; (6) bench test 
ta simple and useful one is that of Professor Kammerer of the Reichs- 
anstalt}, , 

The importance of viscosity has been overrated, the usefulness of 
the lubricant depends on adhesion to the surface and not on the co- 
hesion af the ail molecules to one another (viscosity). 


94. The Influence of Ratio of Length to Diameter in the Com- 
pression Testing of Babbitt Metals. J. R. Freeman, Jr., and 
P. F. Brandt, Proc. Am. Soc. Testing Materials, 23 (2) 2150-155 
(1923). | 

Compression tests were made on chill cast specimens of tin and 
lead base babbitts, viz., Sn, 88.7; Sb, 7.9; Cu, 2.7; Pb; Fe... Sn, 88.8; 
Sb, 7; Cu, 3.9; Pb; Fe and Pb, 83; Sb, 15; Sn, 2. Test specimens were 
1 in. in diameter and 1, 2, and 3 in. long. 

Conclusions: Total deformation increases with the length of time 
the load is applied, but for loads below an appreciable yield the differ- 
ence in deformation is negligible whether the load is applied for 30 
sec. or 3 min. 

For loads up to and beyond those causing appreciable yield the 
stress deformation curves were the same for all three ratios of length 
to diameter. 

For a 3 in. specimen the unit deformation is the same along the 
central 4% in. as along the central 24% in. 


95, A Study of Bearing Metals. C. H. Bierbaum, Trans. Am. Inst. 
Mining Met. Eng., 69:972-989 (1923). 8 Photomicrographs, 3 
Figures, 

All bearing metals are made up of two or more phases, viz., hard 
crystals which support the load, embedded in a softer and more plastic 
matrix, which adjusts itself to the shape of the journal and wears down 
to allow circulation of the lubricant. 

Equilibrium conditions do not obtain in ordinary casting practice. 
Control of the chill effect is of importance, for example, in bronzes 
where the ô crystals (Cu-Sn eutectic) are desired, excess chill reducing 
the amount of these, and too slow chilling producing too coarse a 
structure. The author gives an example of a bronze cast.on a carbon 
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chill which had grains of microscopic size. Due to their different 
angles of orieutation, these wore at different rates and allowed the alloy 
to act to some extent as a bearing metal. 

Bierbaum disparages accelerated wear tests, Almost all such tests 
favor the softer or more easily run in metal. Tests of such metals on 
a hardened steel shaft are meaningless. They should be tested against 
the same metal as is used in service. He claims that in service, the 
bearing surfaces must polish one another, to insure the best results. 
The hardness of the hardest particles of the Journal and bearing should 
be the same. Polishing and not an abrading action is desirable. 

The worn-off particles carried away by the oil from new bearings 
are large at first but decrease in size later, finally becoming ultra- 
microscopic for bearings of correct design. 

It is obvious that a knowledge of the physical properties and 
abrasion hardness of the different inicro-eonstituents of both bearing 
alloy and shaft is imperative. 

The author describes a new instrument, the “Microcharacter”, for 
measuring the hardness of the individual grains of a metal. It consists 
essentially of an artificial white sapphire (fused alumina) ground to 
a cubical point whieh is much finer than that of the finest eambrie 
needle and much harder than that of any constituent discovered in 
alloys (tin oxide). The instrument may be mounted on the stage of a 
microscope. The jewel is mounted on a spring suspension, allowing a 
constant pressure to be exerted on the point. The width of the cut 
made is measured by a micrometer eyepiece. The author gives 6 photo- 
micrographs (2000 x) of cuts made by the instrument. 

A scale of mierohardness (k) is proposed in terms of the width of 
the cut (4), viz., 

k = (10°) 

The microhardness of the grains in most metals varies in different 
directions. Heat tinting or very light etching may be used for the 
identification of the constituents. 

By this instrument it is clearly shown that the addition of Zn above 
2 per cent to a bronze increases the hardness of the soft crystals, thus 
reducing the range of hardness, and therefore the value of the alloy 
as a bearing metal. This is strikingly confirmed by practice, as an 
increase of Zn is known to increase destructive wearing. The author 
gives table of the microhardness of various metallie constituents. He 
also brings out the fact that the SnCu, crystals in a babbitt may be 
harder than any crystals of a machine steel. 
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Discussion. H.S. Rawdon mentioned that at the Burcau of Stand- 
ards, similar hardness measurements were made, using a steel safety 
razor blade, and showed 2 photomicrographs, comparing the two 
methods. 


96. Effect of Duration of Load in Hardness Testing of Metals. 
(Bearing Metals.) P. Lieber, Z. Metallkunde, 16:128-131 
(1924). 

A study was made of the effect of duration of loading on the ball- 
hardness of Regel, Einheits, Lurgi, Caleium, and CMA bearings metals 
(all white metals). The last three contain alkaline earth metals. 

The load was applied by a testing machine. In the first series the 
diameter of the hole was measured, but to obtain comparable results 
the ball had to be reinserted in the same hole after each measurement, 
which, however, was objectionable due to friction between the ball and 
the walls of the hole. 

In the second series the depth of penetration was measured by the 
use of a Martens’ mirror. 

Results: (1) Ball hardness is greatest at the start, it decreases 
rapidly at first and then more slowly. The decrease in hardness is 
greatest for the first two of the above metals. (2) The hardness of 
Regel, Lurgi, and calcium metals is still decreasing after 20 min. Fur- 
ther experiments are necessary to determine if this attains a constant 
value. (3) Similar experiments made on Cu and Fe showed an initial 
decrease in hardness, but a nearly constant value was soon reached. 
(4) In practice one-half min. is sufficient for Cu and Fe, but 3 min., 
if not more, is necessary for the softer metals. 

Tables and curves of hardness number against duration of loading 
are given. A comparison of diameter and depth measurements shows 
that in soft metals the ball raises a ridge around the hole, but that in 
Cu and Fe the edge of the hole is depressed as in the case of iron float- 
ing on mercury. 


97. Report of Microhardness. Sub-Committee V of Committee B-4 
of the American Society of Testing Materials, H. S. Rawdon, 
Chairman, Proc. Am. Soc. Testing Materials, 26(1):572-580 
(1926). 

This report concerns tests made with the Bierbaum microcharacter 
on various metals and under various conditions. (For a description 

of this instrument, see Abstract 95.) 
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In view of the fact that different observers moved the eutting 
point of this instrument across a specimen at different speeds, an in- 
vestigation was made of the effect of wide variations in cutting speed 
(36 to 480 revolutions per min. of micrometer feed). The effect on the 
mean of a series of readings was small, the variation in the width of 
individual cuts being greater than that due to alteration of speed. 
However, speed is not a negligible factor in the testing of heterogeneous 
alloys, as the point tends to dodge around the harder particles, A slaw 
uniform speed is, therefore, of importance in using this instrument. 

Tests were made on similar materials by observers using different 
instruments, and by different observers using the same instrument. 
The results were very variable, but more consistent results were ob- 
tained with the harder materials. 

These tests complete the program outlined by the sub-committee. 
The conclusions reached were as follows: 

“1, The method, obviously, in its present form is not capable of 
much accuracy. The differences in the results reported by different 
observers using the same instrument with the same specimens ranged 
from 10 to 50 per cent. For useful comparisons, the average of at least 
ten readings should be taken. 

*2, In measuring the width of the cut made by the point, it is 
recommended that the ‘fringe’ of distorted metal usually found on each 
side of the cut be disregarded, The width of the cut may be measured 
directly with a suitable scale after projecting the image on the ground 
glass screen of the microscope at a known magnification or a properly 
calibrated micrometer ocular may be used. 

“3. The test is not suitable for revealing the work hardness af 
cold rolled metals. A pronounced difference in hardness as shawn by 
Brinell hardness tests of a metal after varying degrees of cold rolling 
resulted in only a slight change in the hardness as determined by the 
serateh method. 

“4. In spite of these difficulties, the method is very useful in show- 
ing differences in the hardness of the different constituents of a 
heterogeneous material and is the only available method for this 
purpose”, 


98. Study of Bearing Metals and Methods of Testing. T. D. Lyneh, 
Proc. Am. Soc. Testing Materials, 13:699-713 (1913). 

Tests carried out at the Westinghouse Electric and Manufacturing 

Company, East Pittsburgh, Pa, on a well-known friction testing 


238 BEARING METALS 


machine were not conclusive and could not be duplicated from day 
to day or cven on the same sample. Dudley was convinced that only 
a service test could be relied on. 

Some electric motors operating uncer severe service conditions 
with tin base babbitt linings in cast iron shells were refitted with lead 
base babbitt in place of the tin base. The life of the bearings was 
increased. Accordingly lead base was substituted for tin base babbitt. 
Trouble, however, was soon experienced in the testing laboratory. Some 
of the soft bearings were brittle and others wiped out. 

Tests were made of lead base bearings in a motor with an eccen- 
trically loaded shaft, but.the motor frame failed before the bearing. 
The Brinell hardness tests failed to distinguish between toughness 
and brittleness. . 

An impact fatigue test was then devised which showed the quality 
of the babbitt more clearly and definitely than any other quick test, 
If the alloy is soft it peens out, if brittle it breaks, if both it peens 
out and crumbles. The test represents the most severe service condi- 
tions exclusive of wiping. 

Two test machines are illustrated, one light, and the other with a 
134 ft. lb. drop hammer. A great variety of tests were made on these 
machines, showing that melting and pouring temperatures must be 
kept within narrow limits. The tin base metals showed much less 
variation. Curves of thickness vs. number of blows and illustrations 
of the tested samples are given. The temperature control was found 
to be so important that automatic regulators, holding the temperature 
to plus or minus 10° C. were installed on each babbitt pot. The author's 
conclusions were: 

(1) The number of compositions should be as small as possible, 

(2) The constituent metals should be of superior grade, carefully 
tested and inspected. 

(3) The alloying must be done so that metals of high and low 
melting point are alloyed far below the melting point of some of their 
component parts (500° C. has been found suitable for babbitt). The 
melt should be kept covered with powdered charcoal. 

(4) Pouring babbitt too cold tends to produce a granular or 
coarsely crystalline form, and pouring too hot tends to produce a 
softening effect. The lead base metals are not nearly so foolproof as 
the tin base ones, and the range of pouring temperatures is more 
limited. A pouring temperature of 460° C. has given excellent results 
for both lead and tin base babbitt, 


ABSTRACTS 239 


(5) Preheating the molds to 100-150% C. tends to prevent blow- 
holes and similar defects, and also the shrinking of the Hiner uway 
from the shell. 

(6) A babbitted bearing must not be Jarred until nexrly solid, since 
any disturbance at this tine tends to enlarge the crystals and cause 
brittleness. 

(7) The matrix of the lining should be just hard enough to sup- 
port the hard crystals under load. The latter should be as numerous 
as possible, without touching und causing brittleness. 

(8) Brinell hardnesses of 23.5 for lead base and 30 for tin base 
alloys have been found to give excellent results. 


99. Note on the Wear of Bronzes. A. Portevin and E. Nusbaumer, 
Trans. Am. Foundrymen’s Assoc., 21:517-529 (1913). (Reprint.) 

Tests were made of some sand eastings of brunzes made of vay 
pure materials, The apparatus used was the Derihon mill. Lu this the 
specimen bears on the circumference of a polished steel wheel which 
turns at a high speed in an oil bath. A lever presses the specimen 
against the wheel with a known force, and the wear is indicated by 
the motion of the lever. 

The conditions of the tests are: speed = 3200 revolutions per miw., 
total number of revolutions = 2,000,000, total distance = 2000 kin., 
oil is “Autol”, used for high speed auto gears. (Constants of this are 
given.) 

The results of the tests are given in the form of curves. 

The authors’ conclusions are, that under these special eon- 
ditions: 

(1) The wear of ordinary bronzes is proportional to the Sn em- 
tent or more exactly to the amount of the delta phase present, 

(2) The introduction of P decreases the rate of wear of high Sn 
bronzes and increases that of low Sn bronzes. 

(8) When a bronze is bearing against a polished steel journal, 
even under abundant lubrication, there may be produced a skin of 
cold worked metal on the surface, which does not suffer more than a 
little wear. When this skin is worn through, wear suddenly becomes 
extremely rapid, 

{4} The tendency to recrystallize on annealing, which is favored 
by the effect of cold work, is found in bronzes as well as in steels and 
seems to be a phenomenon of extremely general character. 
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100. A New Method of Wear Testing. A Wear Testing Machine, 
L. Jannin, Rev. Métal, 19:109-116 (1922). 

A description is given for a new wear testing machine, devised by 
the author, A rapidly rotating trunnion makes an impression on a strip 
of metal, and this is compared with the impression made on a standard 
metal under the same conditions of speed and load. The effect of hard- 
ness and polish of the trunnion was investigated. 

Jannin coucludes that: (1) the principal cause of wear of the bear- 
ings is lack of polish of the journal; (2) the principal cause of wear 
of the journal is impurity of oil. 


101. Some Abrasion Tests Made on M. Jannin’s Wear Test 
Machine. L. Guillet, Rev. Métal, 19:117-119 (1922). 
The effect was studied of polish, material and speed of rotation 
of the trunnion on different alloys, including: Cu, 64; Pb, 30; Su, 5; 
Ni, 1 and Hoyt's antifriction metal: Su, 92; 5b, 5; Cu, 2.5; Ni, 0.5. The 
method is rapid and gives comparable results. 


102. Study of Jannin’s Method for Wear Testing of Metals, and 
Its Application to Antifriction Metals. P. Nicolau, Rev. 
Metal, 21:347-355 (1924). 

Nicolau has built 4 machine similar to the wear testing machine 
of Jaanin and las made tests on 17 antifriction metals of different 
degrees of hardness. Jannin’s own conclusions that the condition of 
lubrication and speed of test have little effect on wear seem to show 
quite clearly that the impressions are not characteristic of wear, be- 
sides contradicting experience. In two series of tests Nicolau tried to 
determine what part of the impression was due to static load and how 
much to actual abrasion. 

The static tests were made both by the Brinell method and by 
statie impression of the shaft ou the specimen. 

The actual wear was determined by measuring the loss of weight 
alter 57 tests of 15 min. cach, and a relation is given between volume 
of metal removed and width of impression. A practically linear rela- 
tion exists between the diameter of impression in the wear test and 
the static hardness. 

In a 15 min, test the metal removed by abrasion was one-fifth the 
volume of the impression or one-half the volume of the static impres- 
sion. The proportion would be still less in a 2 min. test. 
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A third effect is due to vibration of the shaft which tends to enlarge 
the impression by impact. 

The above analysis explains the conclusion in regard to the abrasion 
and speed effect arrived at by dannin and Cuillet. He mentions the 
work of Portevin ef als. with abrasive paper, in which no relation was 
found between wear and hardness. 

Nicolau states that his conclusions apply only to white metals, as 
the relative amounts of effeet due to static load, abrasion and vibra- 
tion might be different for bronzes. In any case the determination of 
a quantity from measurements of the 4th root of that quantity are 
inaccurate. 


103. A Note on Capt. Nicolau’s Wear Tests. M. L. Jannin, Rev, 
Metal, 21:356-357 (1924). 

This article is a reply to Nieolau’s criticisms on Jannin’s method 
of making abrasion tests (see Abstract No. 100). Nicolau’s test con- 
ditions are different from those recommended by Jannin. Nicolau used 
a polished shaft which greatly reduces the abrasion. It is evident that 
with a perfectly polished shaft abrasion would be reduced to nothing 
(ef., however, Abstract No. 215), and no clistinetion between the wear 
resistance of different metals could be made. 

In any case the results of this method are only relative and nat 
absolute. For testing bronzes and white metals, Jannin recommends 
a shaft finished with Norton’s No. 60 emery, and not polished. The 
tests should also be made on flat strips and not on cylinders, A pressure 
of only 10 kg. should be used (Nicolau used 20 ke.). To reduce the 
unpact of vibrations, the inertia of the rotating parts should be small, 
(Nicolau used a lathe.) 

Jannin points out that part of the wear of white metal is due to 
a dragging action (wiping), which is sometimes great enough to cover 
the ail grooves of a bearing, 

The real conclusion to be drawn from Nieolau’s tests is that the 
abrasion of a perfectly polished shaft on white metal is practically 
zero. 


104. Some Experiments on the Abrasion of Metals. K. Honda and 
R. Yamada, Sei. kept. Tohôku Imp. Univ., 14:03-83 (1925). 

Tests were made of the abrasion of a cast iron disk in various states 

of polish on different metals. Emery wheels of varying degrees of 

roughness were also used instead of the cast iron. For the soft metals 
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the relative coefficient of abrasion (grams lost per horse-power) cor- 
responded generally to the degree of brittleness of these metals, being 
0.67 for Cu and 14.73 for Bi. The abrasion of carbon steels was also 
measured, 

The amount of wear is proportional to the frictional horse-power 
if the coefficient of friction is constant. 

With constant frictional horse-power the amount of wear increases 
with the coefficient of friction, 

The effect of the velocity of abrasion on the amount of wear is 
negligibly small. 


105. The Wear of Cast Iron by Sliding Friction, 0. H. Lehmann, 
Giess. Zig., 23:597-600, 623-627, 654-656 (1927). (Abstract in 
Mech. World, 82:428; 1927.) 

“The aim of the author’s investigations was to discover how far 
the wearing qualities of the metal are dependent upon its chemical 
composition and physical properties. The experiments were carried out 
on an apparatus, rigidly fixed, in which the test piece, shaped as a 
brake block and provided with thermometer pockets, is fitted to a 
lever between the fixed fulerum and the adjustable weight, and is 
brought into contact with a disk 4% in, diameter aud 114 in. wide, 
with a peripheral speed of 7.54 ft. per sec. running under a load of 
114 lb. per sq. in. Disks were made from rail steel, hard cast iron of 
203 Brinell units and soft cast iron of 152 Brinell units. The test pieces 
were made from various engine parts and were tested with each of 
the three disks; the results were tabulated according to the chemical 
composition and hardness of the specimens, which ranged from 110 
to 190 Brinell units. The weight lost after a definite period (two 
hours) under test was noted and plotted as a curve. From examina- 
tion of this evidence the author suggests that neither hardness nor 
chemical composition alone accounts for the wearing qualities, which 
he attributes mainly to a pearlitic structure, as revealed by the most 
resistant specimens. The latter indicate that metals of similar hard- 
ness or similar composition behave differently according to their 
structure. In the case of steel on cast iron, the presence of a phosphide 
eutectic acts adversely, whereas this is not found to be the case with 
iron on iron. The author concludes that the finely divided graphite in 
the pearlitic surfaces is a principal factor in resisting wear. A bibli- 
ography of the literature on the subject is given”. 
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106. Thermal Conductivity of Some Industrial Alloys. H. M. 
Willlams and V. W. Billman, Trans. Am. Inst. Mining Met. 
Eng., 69:1065-1069 (1923). 
The thermal conductivities of seven Society of Automotive En- 
gineers bearing metals were determined. 
Conductivity of alloys having a large per cent of Cu is two or three 
times that of Sn and Pb base alloys. 
(See Table 16.) 


107. Thermal Conductivities of Industrial Non-Ferrous Alloys. 
J. W. Donaldson, J. Inst, Metals, 34:48-56 (1925). 

(1} Industrial non-ferrous alloys in east condition have relatively 
low thermal conductivity compared with copper (A = 0.067 for Monel 
metal to K = 0.242 for 70:30 brass),* 

(2) Thermal conductivity increases with the temperature. 

(3) Cu-Sn alloys have lower thermal conductivity than Cu-Zn 
alloys. 

(4) Ni has a detrimental effect on the thermal conductivity, 

Phosphor bronze: A = 0.129 nt 95° C. and 0.174 at 400° C.* 

Sn base bearing metal: K = 0.07 at 76° C. and 0.09 at 167° C. 


108, On the Specific Heats of Pb-Sb Alloys. R. Durrer, Phys. Z, 
19:86-88 (1918). 

According to Tammann the specifie heat of a simple eutectic system 
with no solid solutions should be a linear function of the concen- 
trations. 

Durrer determined the specifie heat of alloys of the system Pb-Sb 
by the method of mixtures. The alloys were prepared by melting the 
metals together in a glass tube in an atmosphere of nitrogen. He deter- 
mined the equilibrium diagram of this system, bis points lying slightly 
above those of Gontermann’s. 

He found the specifie heat to vary linearly with the concentration 
within the experimental error. 

é = 0.04965 — 0.0001884 (per cent Pb) 
109, Fluidity Tests of White-Metal Bearing Alloys. I. R. Darby, 
Proc. Am. Soc. Testing Materials, 26(1) :186-193 (1926). 


The viscosity of substances such as oils, where specific gravities 
are comparatively constant, may be determined through measurement 


* K in cal. per cm.’ per sec, (°C. per cm,), 
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of the time of flow of a given volume at a standard head through a 
standard orifice. With materials of widely varying specific gravities 
as obtains with alloys, this method would bring in the effect of 
different pressure heads, even if the lineal head were maintained the 
sume. In some experiments at the autlor’s plant it was found that the 
distance of flow into a small channel in an iron mold, while indicative 
of pouring temperature for a given alloy, gave no comparative values 
with metals of widely varying specific gravity. 

The author has devised an apparatus which allows the rate of flow 
to be measured under a constant difference of gravity head, rather 
than lincar head. It consists essentially of a vertical glass tube with 
an orifice at its lower end, which is plunged below the surface of the 
molten metal. Paraffin placed inside the tube serves to keep the sur- 
face of the metal therein clean. The tube is closed at its upper end 
and is connected to an air pump and a manometer. This latter is read 
when the surface of the metal in the tube makes contact with an 
electrode therein, and again when the air pressure is raised by a 
definite amount. For details, the original paper should be consulted. 

The alloys tested were the twelve American Society of Testing 
Materials standard white metals, but work only on Nos. 1, 2, 3, 5, 9, 
and 12 has been completed. Analysis showed that the percentage of 
the major constituents remained within 0.1 per cent of the specified 
amounts and the amounts of allowable impurities did not exceed 0.02 
per cent each. 

Curves are given showing: time of flow vs. temperature; rate of 
flow vs. temperature; and temperature vs. time cooling curves. These 
curves show that the lead-base alloys maintain their fluidity almost 
down to their freezing points, while the tin-base ones lose it 100°- 
150° C. above. The tin~base alloys refused to flow through a 1 mm. 
orifice at 850°-425° C. and the flow was uncertain even with a 2 mm. 
orifice. A new apparatus using a larger head is to he built. 

Some of the changes in the flow curves have no corresponding 
changes in the cooling curves. Separation of a solid constituent may 
either decrease or increase the viscosity provided the quantity is not 
sufficient to obstruct the orifice. 

The proper pouring temperatures given for these alloys in the 
American Society of Testing Materials specifications were compared 
with the temperatures of maximum fluidity as given by these tests. 
The pouring temperature given for No. 1 (441° C.) coincided exactly 
with the point of maximum fluidity, that of No. 2 (424° C.) is within 
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20° of the point of maximum fluidity, and that far No. 3 (491° CL) 
for No. 5 was 366° C., but experiments preliminary to the fluidity tests 
indieated that the alloy would froth badly unless poured around 
525° C., so that the machined surfaces of bearings cast of this would 
show pinholes. This alloy ceased to flow in the tube at 425° C. and 
the curve shows that 500° C. is the lowest permissible pouring tem- 
perature. The experience of the Chicago Bearing Metal Company has 
shown that the addition of only a few tenths of a per cent of copper 
to such an alloy as Ph; Sb, 9-11; Sn, 6-8 will cause it to froth on 
pouring at any temperature below 482° C. Most of the capper may 
be removed from such an alloy by sweating. 

The pouring temperatures given for Nos. 9 and 12 corresponded 
fairly well with those selected from the fluidity curves, but 375° C. 
would seem to be Detter than 332° C. for No, 9, and 329° ©. for No. 
12, 

The author’s conclusions were as follows: 

“I. The difference in specific gravity of the solid metals influences 
their relative fluidities in the molten state. 

“2. The lead-base alloys have a more evenly sustained fluidity 
above their melting points. 

“3. The separation of the Cu-Sn or Cu-Sb compounds affects the 
fluidity of the melt by obstruction. (This is proved by experiments 
with 2 mm. orifices.) 

“4, There is no conclusive evidence of a viscosity change with 
temperature as exists in oils and other liquids such as molten slags”, 


110. Test Bars to Establish the Fluidity Qualities of Cast Iran. 
(Some non-ferrous metals included.) ©. Curry, Trans. Am. 
Foundrymen’s Assoc., 35:289-306 (1927). 

The author defines fluidity (coulabilité, in the original French) or 
running quality (life) to be the aptitude of a liquid in a given con- 
dition to fill a mold prepared under determined conditions. It depends 
not only on the properties of the liquid metal but also on the materials 
and dimensions of the mold, as well as the temperature both of the 
metal and the mold. 

The author describes the test bars used in various carlier fluidity 
experiments. He first used a spiral test bar with roughly triangular 
cross-section, the plane of the spiral being horizontal with apex of 
the triangular cross-section down. This apex was rounded and there 
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was a round elevation on the opposite side (top) of the triangle. The 
mold was gated at the outer end of the spiral and the metal thus flawed 
inwards around the spiral. 

It was found that the results were greatly affected by slight burrs 
(fins) or even by a slight dropping of sand at the gate of the core. 
Therefore the tap hole was as exactly dimensioned as possible. It is 
essential that the mold be horizontal. Variations of humidity have 
little effect, neither have trapped gases at the end of the spiral. 

This test bar was later modified by omitting the projection on 
top of the cross-section and by gating at the inner end of the spiral. 

The surface of the mold had a great effect on the length of casting 
obtainable with a given head of metal. Much longer castings were 
obtained when the surface of the mold was coated with graphite than 
with the natural sand surface. 

The author gives the results of some tests made on non-ferrous 
metals and alloys by Thibault in the following table. In this series 
of tests a larger pouring basin was used. 


Fluidity Qualities of Some Non-Ferrous Metals. 


Composition Test Bar 
—— Par ÜonE —— Length, 
Cu Sn Zn Pb Ni Fe Si  Divisions 
99.5 oe vee wee tee tae cee 6* 
93.0 0.85 115 0.75 aoe 0.25 os oF 
92.95 0.65 085 vee tee hee 1.45 lif 
93.0 tae ` 1.50 e 142 tee ee 118 
90.0 8.0 20 u. BR cee wae 14 
90.0 75 10 15 0.05 0.25 tae 18 
86.0 14.0 sae tee vee u wee 16 
85.0 130 122 0.08 0.20 0.10 a 21 
86.0 12.0 188 vee 0,04 ee 18 
77.0 80 ee 15.0 ae aes was 14 
76.4 7.5 u 145 10 0,5 tee 16 
88.0 12.0 tee un. ee sae see 12 
86.16 10,96 135 1,92 Tr. 0.03 un 17 
90.0 10.0 tee see u... see u. 10 
89.94 9.65 une 0.17 0.06 0.01 see 12 


* Metal completely oxidized. 

+ Metal sound; the spiral is carried back ta starting line; it breaks jf the tests 
of malleability are continued: this is the indication of the presence of tin and 
Zine, 

+ If the running qualities have been increased, this fact js indicated by break-. 
ing the test bar in the hot condition; the pieces are very malleable when in the 
cold condition, 

§ Has not increased rmning qualities nor is the malleability increased, the 
assumed percentage of copper doing away with the effect of zinc, 


An interesting point was an examination of copper to determine 
the best deoxidizer for this metal, one which would improve the poor 
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running qualities as well as improve its mechanical strength, Zine, 
manganese, nickel, phosphorus, aluminum, magnesium, and silicon in- 
crease the running qualities. Silicon, magnesium and aluminum caused 
the test bars to break on removing from the mold, therefore the best 
deoxidizing agents are manganese, phosphorus, and nickel. The latter 
‘gives good results only if added as 50 per cent zine-niekel. The bar 
length of 65:35 brass was increased from 8 divisions to 12 divisions 
by spraying the inside of the mold with a naphtha residuc or with 
linseed oil. 


111, Shrinkage of the Lead-Antimony and of the Aluminum-Zinc 
Alloys during and after Solidification, D. Ewen and T. 
Turner, J. Inst. Metals, 4:128-162 (1910). 

The metals used were 99.95 per cent Pb and 99.5 per cent Sb. Bars 
were cast in sand molds one-half in. sq. They were too rapidly cooled 
to obtain satisfactory cooling curves. As far us could be Judged the 
piping was largest when the casting temperature was nearest ta the 
solidification temperature. The authors found that Sb expanded on 
solidification, confirming the work of Murray but contradicting that 
of Wüst. The first reading of the extensometer was taken when the 
gate was full of metal. The maximum slirinkage at 50 per cent Sb may 
be explained by an altered method of crystallization, the neighhoring 
compositions which had a coarser structure being cast at a higher 
temperature, 

_ Type metals and bearing metals are included in the range, 15-25 

per cent Sb. The alloys at the lower part of this range may be ex- 

pected to give the sharpest castings. While the expansion diminishes 
from a maximum at 15 per cent Sb to a minhnum at 30 per cent Sb, 

the hardness increases rapidly through this range. An alloy with 20 

per cent Sb gives a good combination of these properties. 


Sb Expansion 
Per Cent Gu /ft.) Remarks 
0.0 0.0000 Not piped, 
51 0011 
14.6 ‚0012 
232 0006 
37.2 0000 
48.8 0015 
57.1 0000 
68.4 .0019 Gate slightly piped. 
77.5 0020 Much piped gate, 
87.7 0020 Gate slightly piped, 


100.0 0025 
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112, Volume Changes in Alloys of Copper with Tin. J. L. Haugh- 
ton, J. Inst. Metals, 6:192-221 (1911). 

The author cites the work of previous investigators in determining 
the equilibrium diagram of this system, which is still imperfectly 
known, and the work of Wüst and Ewen on volume changes. 

In this research the author used very pure electrolytic copper and 
the purest obtainable tin. These were melted in a covered pot and cast 
at a high enough temperature so that the mold was completely filled 
before solidification took place, The specimens were T-shaped bars, 
three-quarters in. sq. 

The composition varies from pure copper to pure tin in steps of 
5 per cent. Curves of the volume change are shown for the series of 
alloys. In addition to the expansion on solidification, most of the 
alloys showed a change in the rate of contraction on cooling which 
appeared usually to coincide with some phase change as shown by 
the equilibrium diagram. A graph is given showing both expansion 
during solidification and crystallization-interva) plotted against the 
percentage of tin. (Murray found that in the brasses, expausion was 
directly proportional to the erystallization-interval.) The expansion 
curve for Cu-Sn has five maxima. Of these, only the ones at 10, 46, 
and 65 per cent Sn coincide with the maxima in the erystallization- 
interval curve. The peak at 30 per cent Sn, Murray attributes to the 
existence of Cu,Sn, but the author does not agree with this. He has 
no explanation of this point. The peak at 65 per cent scems to coincide 
with the composition of CuSn, but it is doubtful if this exists as the 
expansion coincides well with the crystallization-interval here. There 
is no a priort reason why a compound should expand more than a 
solid solution. In fact, the reverse would be expected. This is borne 
out by the fully verified compound Cu,8n which falls at the minimum 
of the expansion curve (40 per cent Sn). 

The most pronounced expansion is that which coincides with the 
solidification of the cutectic at the tin-rich end of the system. (Butec- 
tic temperature = 220° C.) Another volume change of considerable 
interest is that occurring at 500° C. where alpha +. beta changes to 
alpha +- delta. The range of this is from 15 to 25 per cent Sn, and 
the change lasts from 540 to 480° C. It was not possible to get accu- 
rate determinations on the Cu rich alloys owing to blowholes. 

Scleroscope tests were made on this system and a high maximum 
at 80 per cent Sn was found, corresponding with one in the expansion 
curve. It is almost impossible to find any agreement between the 
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observation and the theory of Kurnakaff and Schemtschuschny. The 
application of the theory is rather difficult, however, owing to the 
complicated nature of the castings and of determining just what their 
state is, 

Discussion: C. H. Desch criticized the method used by the author 
as measuring the expansion of only the outer shell of crystals. He 
cited the work of Turner, wha found no expansion on solidification by 
this method of Bi which is known to expand by 3 per cent of its 
volume. He explained readings of instrument as due to the thrust of 
crystal skeletons in the direction of their axes. 

Turner in reply stated that the expansions were real and agreed 
with those found by Keep and Wiist with a different apparatus. He 
explained the results obtained on Bi by the fact that maximum ex- 
pansion occurs before solidification, as in the case of water. 


113. The Shrinkage of Metals. F. Johnson, Proc. Inst. Brit. Foundry- 
men, 16:285-252 (1922/1923). Foundry Trade J., 27:393-396 
(1923). 

The author criticizes the confusion regarding definition of the terms 
“shrinkage” and “contraction”. The metal shrinks in volume in three 
distinct stages: (1) liquid shrinkage (contraction), (2) solidification 
shrinkage, (3) solid shrinkage. Shrinkage is uniform in (1) and (3), 
but in (2) conditions are very different and the rate of shrinkage is 
usually far greater due to the difference in density of the liquid and 
solid, 

Therefore the amount by which the metal fails to fill an open mold 
will be a function of the pouring temperature. It does not follow, how- 
ever, that the linear contraction is a function of the pouring tempera- 
ture as the outer crust formed must always be of the same dimensions, 
the hydrostatic pressure keeping the metal against the walls until it 
freezes. 

Very few data exist on slivinkuge during freezing and these are 
correct only for special conditions. The author shows two curves for 
the shrinkage of the system Cu-Zn which differ in some places by 
100 per cent. 

Gates ave always necessary; the design should be such that the 
minimum of internal stress is produced. 

The author mentions the work of Wiist, who found that alloys 
consisting of aggregates as Pb-Sb shrunk less than the constituents, 
while solid solutions such as Drass shrunk more. Haughton supposes 
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that a eompound should show a minimum expansion. This is confirmed 
by Murray for Cu,Zn,. The constitution and the shrinkage may be 
greatly changed by small additions. 

The work of Edwards and Gammon on the light Al-Cu alloys is 
mentioned. The relative proportion of solid and liquid can be deter- 
mined from the equilibrium diagram and the deusity ascertained. 
For instance, in the Al-Cu system the crystals first formed sink in the 
liquid; the later ones rise. Hence the necessity of bottom gating in 
some alloys due to the bridging over of the metal in the gate. The 
author describes an apparatus for determining linear shrinkage. ` 


114. The Use of Molybdenum for the Improvement of Aluminum 
Alloys. H. Riemann, 7, Metallkunde, 14:195-203 (1922). 

Among other tests, some Al alloys containing Mo were tested as 
bearings in a Hanffstengel machine. These alloys contained in addition 
to not more than 1 per cent Mo, not more than 6 per cent of Mg, 3 per 
cent of Cu or 3 per cent of Ni, 

At 210 revolutions per min. under a load of 100 kg, the Mo alloys 
endured only 5-12 min. against 17 min, for normal bronze and 30 min. 
for white metal. There is a slight improvement as the Mo and Cu 
contents increase. Specimens of the same alloy differ by 50 per cent 
due to segregation. This is confirmation of the experience that Al is 
not adapted for the matrix of a bearing metal, although these alloys 
generally had the structure requisite for a bearing metal, viz., hard 
crystals in a softer matrix. However, this structure alone does not seem 
to be all that is necessary for a bearing metal. 


115, Studies on the Effect of the More Important Metallic and 
Non-Metallic Additions to Normal Copper-Tin Bronzes. 
H. von Miller, Metallurgie, 9:63-71 (1912). 

The author used apparatus similar to Wüst’s for determining 
shrinkage. The ends of the solidifying specimen are rigidly connected 
to pistons fitting in cylinders filled with water. The volume change is 
determined from readings of the level of water in capillary tubes con- 
necting with the cylinders. 

The alloys were poured at uniform high temperatures into molds 
preheated to 250° C. 

Most of the alloys tested expand upon solidifying, and the volume 
does not become less than the original volume until the second arrest 
point is reached. Cooling curves, and curves of volume vs. temperature 
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are given, Values of shrinkage, expansion and tensile strength are 
given in tables. (See Table 14.) 


116. Effect of Changes in Composition of Alloys Used by Ameri- 
can Railroads for Car Journal Bearings. G. H. Clamer, 
J. Am. Inst. Metals, 9:241-263 (1915). 


Clamer gives the car journal specifications for 36 different rail- 
roads. He tabulates his own results for density, hardness, and tensile 
properties of 27 different bearing metals, including the following 
ranges of composition: Cu 65-90 per cent, Sn 5-10 per cent, Pb 0-30 
per cent, Zn 0-15 per cent. He also gives transverse tests on bearings 
made of 18 different metals. He refers to wear tests and results of his 
own wear tests are given. 

Clamer’s conclusions are: (1) alloys for car bearings should con- 
tain at least 65 per cent Cu; (2) there should be a proper balancing 
of the four metals used; (8) it is not desirable to have over about 5 
per cent Sn in car journal bearings; (4) it is desirable to increase Pb 
in the alloy rather than Zn, and with increasing Pb, Zn should be 
diminished; (5) alloys containing 5 per cent Sn, less than 20 per cent 
Ph, and less than 5 per cent Zn should be entirely satisfactory for all 
classes of car journal bearings. 


117. The Effect of Lead on Red Brass. J. Czochralski, Z. Metall- 
kunde, 13:171-176 (1921). 9 Photomicrographs. 


This paper discusses an investigation of the effect of addition of 
lead to red brass (Cu, 86; Sn, 9; Zn, 5). Addition of Pb was made at 
the expense of all three constituents, Castings were made both in 
green sand and preheated molds. Hardness and torsional strength are 
almost unaffected by the addition of Pb up to 6 per cent. Tensile 
strength was lowered somewhat in three series of tests and increased 
in one. In two series the impact fatigue endurance was decreased, in 
another inereased. Non-uniformity of behavior was due to casting 
defects. Lead tends to concentrate in nodules, thus weakening the 
alloy. This can be avoided by careful stirring at a sufficiently high 
temperature. 

Structure: sand casting, a solid solution and (a+ y) eutectic; 
chill casting, similar but much finer dendritic structure. Pb is not 
evident in the micros up to 6-8 per cent Pb. Annealing above and below 
480° ©. and quenching from 700° C, had litile effect on the structure. 
Pb is therefore assumed to be in solid solution up to 6-8 per cent Pb. 
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Photomicrographs of alloys containing 10-20 per cent Pb showed 
marked segregation of this metal. Area measurement, however, showed 
about 8 per cent to be still in solid solution. 

Lead is an advantage in founding red brass. The metal does not 
have to be heated to so high a temperature and the molten alloy is 
more fluid. Lead increases the machinability. 


118. Babbitt Metal. L. D. Allen, Machinery, 29:114-115 (1922). 

Loads on no type of bearing should exceed 2500 pounds per sq. in, 
A semi-tin or semi-lead alloy is most suitable for loads up to 1800 
pounds per sq. in. (The thinner the liner the higher the tin and copper 
content required.) Such an alloy has better antifrictional propertics 
than genuine babbitt (80-90 per cent tin). No single bearing metal is 
most suitable for all conditions. 

The author presents a résumé of the effect of different constituents: 

Tin, toughens the alloy, lowers the melting point, but is somewhat 
lacking in anti-frictional properties. Under heavy friction, tin tends 
to heat quickly and to fuse. 

Lead softens the alloy, it is more antifrictional than any other 
metal. 
Copper hardens and toughens the alloy and raises the melting point. 
It increases friction slightly, and is not very desirable in babbitt. 

Antimony hardens the alloy, raises the melting point and reduces 
friction. It is imperative that the antimony should be completely re- 
duced and evenly distributed, otherwise very hard spots develop. 

Bismuth reduces friction, lowers the melting point and prevents 
shrinkage. Not largely used on account of expense, 

Aluminum is rarely used except as a deoxidizer. It toughens the 
alloy but increases friction. 

Certain combinations of tin, copper and antimony shrink consid- 
erably on cooling, although each component alone shrinks but slightly. 


119, The Effect of Small Quantities of Nickel upon a High Grade 
Bearing Metal. A. H. Mundey and C. C. Bissett, J. Inst. 
Metals, 30:115-120 (1928). 

Nickel up to 0.5 per cent was added to a reliable bearing alloy, 
Sn, 93; Sb, 3.5; Cu, 3.5, also 1 per cent Ni to Sn, 92.5; Sb, 3.5; Cu, 4. 
The alloys were poured at 350° C. into molds at 100° C. The tensile 
and compression tests do not compare favorably with those on the 
original alloys, although there is a slight increase in the Brinell hard- 
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ness. The compression tests were especially disappointing. The alloys 
with nickel gave way completely under 22,000 pounds per sq. in. as 
against 32,000 pounds per sq. in. for the original alloys. 

Running tests on the Thurston machine were satisfactory. 


120. Nickel in Brass and White Metal. W. M. Corse, Metal Ind. 
(N. Y.), 22:234-235 (1924). (A lecture delivered before the 
Metropolitan Brass Founders Association, May 14, 1924.) 


The addition of 0.05 to 1.5 per cent Ni increases the density of 
alloys containing upwards of 80 per cent Cu to a remarkable extent. 
Density increases proportionately to the Ni content up to 1.5 per cent 
Ni, but there is no increase from 1.5-5.5 per cent; from 5.5-10 per cent 
the structure is again improved. 

If the hardness is to be kept constant, the tin content must be 
lowered as the Ni content increases. 

The Cu-Sn-Pb type of bearing bronzes are noticeably improved 
by the addition of 0,25-3.5 per cent Ni. This is particularly true of 
“heavy duty” bearings such as are used for rolling mills, The tensile 
strength and the elongation of a 80-10-10 bronze when modified to 
contain 1 per cent Ni will be improved 10-30 per cent in most instances. 
The resistance to compression and shock is improved without impair- 
ing the plasticity. 

Ni increases the rate of cooling, reducing segregation to a minimum. 


121. Notes on the Composition of Antifriction Metals. A. L. W., 
Mech. World, 82:23 (1927). 


One advantage of plain bearings lined with antifriction metal is 
that they fail slowly instead of instantaneously, giving time to shut 
off the power before disastrous results occur. The structure of the 
typical bearing metal is described, z.¢., hard particles in a softer matrix. 
The effect of different components of white bearing alloys are given 
as follows: 

Tin. High tin alloys wear well and withstand high bearing pres- 
sures without undue flow of the metal. 

Copper. If more than 7 per cent of this metal is present, the alloy 
is likely to be brittle and not suitable for high speed machinery. When 
copper is present, it is advisable to quench after casting, as this in- 
creases its resistance to wear. 
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Antimony. This metal hardens white metals and should not be 
used where temperatures are much above normal, as it gradually 
wastes away under these conditions, leaving minute pinholes. 

Lead. Not over 1 per cent of this metal should be present. Within 
this limit it increases the ability of the alloy to adjust itself to the 
shaft. 

Bismuth. In the author’s experience its only function is to im- 
prove the casting qualities, 

Zinc. This should never be present in a bearing alloy as, like 
copper, it causes brittleness, but without simultaneous increase in 
strength. 

Nickel. This metal is beneficial if added in small amounts, but 
its use is not likely to be popular. 

Iron. This is said to have a bad effect, but is rarely met with. 


122. Some Experiments on the Effect of Sulfur on Copper. E, 8. 
Sperry, Brass World, 9:91-93 (1913). 


Sulfur in copper and its alloys is cumulative, where it may be 
absorbed from the fuel, t.¢., the sulfur content increases in successive 
remeltings, leading to some of the prejudice against scrap metal. The 
author made some experiments to determine the permissible amount 
of sulfur in copper. His conclusions are! 

(1) Copper will not absorb more than 1 per cent of sulfur; if more 
is added it will separate out as euprous sulfide, 

(2) Sulfur causes blowholes in copper. 

.(8) Sulfur renders copper red~-short. 

(4) Sulfur when present in a considerable quantity produces a 
crystalline fracture. 


123, The Influence of Sulfur on the Properties of Non-Ferrous 
Metals. Anonymous, Metal Ind. (London), 29:349 (1926). 
(Note.) 


“Sulfur has a marked effect on the mechanical properties of non- 
ferrous alloys. W. Meigen and R. Stock-Schroer made experiments in 
this direction with some copper-base alloys, the composition of which 
is recorded in the table below. The test figures show that a sulfur 


content of less than 1 per cent reduces the tensile strength as much 
as 70.0 per cent,” 
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Composition of Some Copper-Base Alloys. 


Copper Red Brass Bronze Torabae 
CU Lecce cece eee ence enue 90,14 91,98 93.92 95.76 
ZT cece vce ccccteecectetenes genes 0.42 3.29 0.87 
SO cicceccceccccsccvueeeevees sence 3.97 0.84 1.83 
Pho aesn anne een 278 1.18 0.54 
Se 0.86 081 0.70 1.00 
Tensile strength, pounds per 
square inch ....cse cee eee 8,000 28,000 17,500 16,500 
Same, without sulfur,........ 23,000- 30,000 28,500 28,500 
28,500 
Per cent decrease due to sulfur 70.0 5.2 39.3 42.0 


124, Note on a Curious Change in the Microstructure of White 
Metal Produced by Traces of Zinc. L. Arehbutt, J. Inst, 
Metals, 7:266-268 (1912). 

A white metal used by the Midland Railroad, viz., Sn, 84.2; Sb, 
10.5; Cu, 5.3 usually had a reddish tinge, but cecasionally some 
samples were obtained which were dead white. One of these, of old 
remelted white metal, had the composition: Sn, 81.02; Sb, 11.05; Cu, 
7.22; Pb, 1.80; Zn, 0.032; Fe, 0.034. Photomicrographs showed that 
the usual Sb cubes had a ruptured appearance. When 0.1 per cent Zn 
was added, the effect became still more marked, and the color of the 
ingot changed. The cubes tended to arrange themselves in starlike 
groups. Photomicrographs are shown of specimens from four experi- 
mental ingots containing 0, 0.1, 0.1, and 0.2 per cent Zn. In the last 
the SnSb was partly in the form of small grains throughout the alloy. 


125, How Arsenic Affects Alloys. H. J. Roast and C. F. Pascoe, 
Foundry, 51:67-70 (1923). 

The effect of adding 0.8 per cent and 1.4 per cent As to a Pb-Sb 
alloy was studied. The arsenical alloys maintain their hardness better 
as the temperature rises and also have by far the finest grain, having 
hard crystals in a softer but tough matrix. These alloys run more 
readily at 700° F. (370° C.) than any of the other alloys tested, and 
oxidize less. They cost less than the high tin alloys, 


126. Effect of Impurities on the Compressive Strength and Brinell 
Hardness of Babbitt Metal at Normal and Elevated Tem- 
peratures. J. R, Freeman, Jr., and P. F. Brandt, Proc. Am. Boc. 
Testing Materials, 24 (1) :253-257 (1924). 

A study of the effect of additions of small amounts of As, Cu, and 

Zn to a typical lead base and a typical tin base babbitt with respect 
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to the Brinell hardness and the yield point in compression (reduction 
in length = % per cent). 

Addition of As up to 0.46 per ecnt to the lead base alloy (Pb, 73.8; 
Sb, 16.7; Sn, 9.8) caused an increase in Brincll harduess number of 
less than 7 per cent at 20° ©, and about 18 per cent at 100° C., while 
the effect on the yield point was irregular, although 0.46 per cent As 
caused an increase of about 15 per cent at 20° C. The increase in 
Brinell hardness number and yield point were of the same order of 
magnitude for additions of Cu up to 1.1 per cent and of Zn up to 1.4 per 
cent, except that 1.4 per cent Zn caused an increase of 20 per cent 
in yield point at 100° C, 

Addition of As up to 0.5 per cent to the tin base alloy (Sn, 90.4; 
Sb, 4.6; Cu, 4.6; Pb, 0.3) caused increase of like magnitude, while 
little further increase of yield point was caused by addition of As up 
to 3 per cent. The effect of Zm up to 1.3 per cent was to decrease the 
Brinell hardness number about 10 per cent and increase the yield point 
by a smal! amount at 20° C. and by about 30 per cent at 100° C. 


127. Segregation and Grain Growth of Crystals of Bearing 
Metals. E. G. Mahin and J. F. Broeker, Proc. Indiana Acad. 
Sci., 1919, pp. 91-97. [rom Chem, Abstracts, 16:548 (1922).] 
Photomicrographs. 

This is a description of one phase of an investigation of segregation 
and grain growth in babbitts. The alloy used was Sn, 85.7; Sb, 9.86; 
Cu, 3.34; Zn, 0.70; Pb, 0.40. This was melted at 650° F. (343° C.) 
and cast into iron molds and then heated to temperatures from 160°- 
550° F. (71°-288° C.) and either chilled or slowly cooled after periods 
from 1.5 to 5 hours. Appreciable grain growth and segregation occurs 
at temperatures ag low as 225° I, (107° C.) and progresses with in- 
erease of temperature and length of time heated. 

The low temperature limit above is practically at the lower limit 
of the epsilon Sn-Cu range, near the lower bound of the gamma Sn-Sb 
range and well below the liquidus of both binary systems. The prac- 
tical melting and casting of babbitts is done at higher temperatures 
than these, thus offering greater opportunity for crystal growth and 
segregation, 


128. Observations on a Typical Bearing Metal. H. E. Fry and 
W. Rosenhain, J. Inst. Metals, 22:217-289 (1919). 

Apart from composition and microstructure, the physical properties 

of a bearing metal must vary widely with the widely varying con- 
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ditions of preparation. A preliminary study of the effect of various 
factors was made on a typical alloy, viz., Sn, 87; Sb, 9; Cu, 4 approxi- 
mately. 

Both sand and chill castings were made. (3 in, X Y% im. sq.) Sand 
castings were poured at 300°, 400°, and 600° C. into molds, cold and 
at 60° C. The mold temperature has little effect. In each case there 
was a greater number of large crystals at the top. The coarseness af 
the crystals increases with the pouring temperature. A temperature 
of 300° C. (below the liquidus) is just too low to produce a uniform 
structure, 

Chill castings poured at 300° C. and 400° C. show fine-grained 
structure which is more uniform at 400° C. The tendency of the cuboid 
crystals to concentrate at the top is absent in the chill castings. If the 
mold is cold or warmed to only 100° C. there is a very definite chilled 
border. Raising the pouring temperature from 300° to 400° C. in- 
creases the width of this. If the mold temperature is 200° C. and the 
pouring temperature is 350° C. the structure is uniform and fine- 
grained throughout. A table of depth of chill for all the chill castings is 
given, A table of Brinell hardness numbers for all ingots is given. The 
variations in Brinell hardness numbers are rather small, but the chill 
cast are generally harder than the sand cast. , 

The effect of hammering was investigated. (It is common practice 
to peen marine bearings.) Hammering actually decreased the hard- 
ness, except in one case where it increased it slightly. The coarsely 
crystalline ingots cracked and broke, The cuboid and Cu-Sn crystals 
were broken by this treatment. (Illustrated by photomicrographs.) 
Subsequent annealing caused a further decrease in the Brinell hardness 
number. 

Discussion: R. T. Rolfe showed six photomicrographs of Sn, 85; 
Sb, 8.5; Cu, 6.5 whose structure is similar to that of Fry and Rosen- 
hain’s alloy. He gives the variation of Brinell and scleroscope hardness 
tests over an ingot. Chill cast ingots are harder in the middle (34 vs. 
31). These ingots showed a coarser structure due to slower cooling. He 
mentioned the theory of Behrens and Bausch. Experiments by the 
company which employed him showed that the best size for the Su-Sb 
cuboids was 0.05 mm. (W. H. Allen & Son, Bedford, Eng.) 

F. C. Thompson pointed out that the ground mass of Fry and 
Rosenhain’s and of Rolfe’s alloys show a duplex structure. 

Rosenhain in replying to one criticism mentioned that one of the 
forces on a bearing metal in service is a tangential pull due to the 
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viscosity of the oil. Otherwise there would be no wear until the oil film 
had broken down. He had the impression that the oil film dragged 
out particles, particularly of the softer constituents, and thus eroded 
the alloy. 

Fry and Rosenhain gave heating and cooling curves for their alloy. 
Further experiments confirmed the work of Z. Jeffries on the Brinell 
hardness number. If the Brinell test was made by leaving the load on 
a short time (30 sec.) the cold-hammered metal was softer than the 
cast. The reverse was true if the load was removed immediately after 
application. They agree with Jeffries that hardness in this case is a 
question of viscosity of the metal in the amorphous state. Their alloy 
did not contract on solidification. Annealing removed coring in the 
ground mass. 


129. Rate of Cooling Determines Hardness of Alloy. L. Kaul, 
Automotive Ind., 50:723 (1924). (From Allgem. Automobil. 
Zig.) 

The rate of cooling rather than the pouring temperature deter- 
mines the hardness of ternary bearing alloys. Sn-Sb-Cu alloys give 
large Sn-Sb cubes if poured at 930° F. (500° C.) and smaller if poured 
at 750° F. (400° C.). Higher pouring temperatures break up the 
molecular aggregates, and if carried far enough this may procced even > 
to individual molecules. Due to this they are able to rearrange them- 
selves on slow cooling and give large cubes. Slow cooling from a low 
pouring temperature never does this. The author cites an Italian ex- 
periment in confirmation of this point. Copper, owing to its high 
melting point, remains in the state of paired molecules long after the 
tin and antimony. The author gives a theory of the molecular struc- 
ture of the elements lead, antimony, and bismuth based on their 
physical properties and on their microstructure. 


130. Influence of Pouring Temperature and Mould Temperature 
on Properties of a Lead Base Antifriction Alloy. O. W. 
Ellis, J. Inst. Metals, 34:301-322 (1925). 

PRELIMINARY INVESTIGATION. 

Compression tests were made on the alloys Pb, 85; Sb, 10; Sn, 
5... Pb, 80; Sb, 15; Sn, 5, and Pb, 80; Sb, 15; Sn, 36; Cu, 1.5, with 
the following results: a 

(1) The replacement of Pb by Sb increases the resistance to com- 
pression (likewise the hardness, cf. J. Inst. Metals, 19:151 (1918).) 
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(2) The replacement of Sn by Cu increases the resistance to com- 
pression but the Brinell hardness is little increased. 

(3) Mold temperatures have a greater effect on the mechanical 
properties than the pouring temperature. 


Investigation of the Alloy Pb, 83.1; Sb, 12.1; Sn, 4.8. 


The structure is a matrix of Pb-Sb eutectic containing cubes of 
the compound Sn&b and it is signally affected by variations of the 
factors associated with pouring. 

Samples were poured at temperatures from 300° C. to 500° C. into 
iron molds at 0° C., 100° C., and 200° C. It was found that: 

(1) For a given mold temperature, an increase in the pouring tem- 
perature increases the size of the SnSb cubes and coarsens the matrix. 

(2) An increase in pouring temperature has less effect on segrega- 
tion than an increase in mold temperature. (Marked segregation 
occurs only in the case of the highest mold temperature.) 

(3) Mold temperature has a greater effect on hardness than pour- 
ing temperature; increase in mold temperature reduces the resistance 
to slowly applied stresses. 


Investigation of the Alloy Pb, 82.5; Sb, 11.0; Sn, 5.5; Cu, 1.0. 

No investigation of the mechanical properties was made, but from 
mierographie and thermal investigation there was found: 

(1) A pronounced effect on the microstructure caused by Cu. 

(2) An almost complete elimination of segregation due to Cu. 

(3) Evidence for an intermetallic reaction at 334° C. 


131. The Influence of Pouring Temperature and Mould Tempera- 
ture on the Properties of a Lead-Base Antifriction Alloy. 
QO, W. Ellis, Univ. Toronto—School Eng. Research—Bull. 
No. 6:143-164 (1926). (31 Figures. 1 Table.) ' 
PRELIMINARY INVESTIGATION. 


In a preliminary investigation tests were made on three lead-base 
alloys, viz., Pb, 85; 8b, 10; Sn, 5;—Pb, 80; Sb, 15; Sn, 5;—and Pb, 80; 
Sb, 15; Sn, 3.5; Cu, 1.5. Only the compression tests were of especial 
interest and the following conclusions were drawn from these: 

“I, The replacement of lead by antimony increases the resistance 
of these alloys to compression. It may be added that the replacement 
of lead by antimony was also found to increase the hardness (Brinell). 
Cf. J. Inst of Metals, 19:151 (1918). (See Abstract No. 49.) 
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“9 The replacement of tin by copper inercases the resistance of 
these alloys to compression. The Brinell hardness, however, is scarcely 
affected by this substitution. 

“3. Mold temperatures exert a more powerful effect on the 
mechanical properties than do pouring temperatures”. 


INVESTIGATION Or Leap-BASE BEARING METAL IREE FROM Corrm. 


The alloy Pb, 83.1; Sb, 12.1; Sn, 4.8 was chosen for this investiga- 
tion because it appeared to the author to have the best all around 
mechanical properties. It consists of a matrix of lead-antimony eutec- 
tic containing cubes of the compound SnSb. The structure of each 
of these constituents was signally affected by variations in the casting 
conditions. 

Ingots 2 in. long by 1.5 in. diameter at the top and 1 in. diameter 
at the bottom were cast of this alloy in duplicate steel molds, Five 
pouring temperatures (from 300°-500° C.) and three mold tempera- 
tures (from 0°-200° C.) were used. 

The time was recorded when the mold was filled and again when 
the casting was quite solid. In certain castings whose times of cooling 
were comparatively long, observation was made both of the time 
taken to reach the liquidus (255° C.) and the solidus (245° ©. = 
_ eutectic). 

Micrographs were made of specimens taken from the top, middle, 
and bottom of each casting. Marked segregation was observed only 
in castings which had been poured into molds at 200° C., therefore, 
except for these, the results for the alloys given in Table 1 of the 
original paper can be looked upon as representative of the casting as 
a whole. 

The results of the work were summarized as follows: 

“1... . for a given temperature of the mold, increase in pouring 
temperature results in an increase in the size of the ‘gamma’ cubes and 
in a coarsening of the matrix of the alloy. 

“2, Increase in pouring temperature has less effect on segregation 
than increase in mold temperature. 

‘3. Mold temperature has a greater effect on the hardness and 
compressive strength of this alloy than has pouring temperature, in- 
crease in mold temperature reducing the resistance of the alloy to 
slowly applied stresses”, 

It is difficult to state the above conclusions in terms of cooling or 
freezing rates, the measurement of which was crude. The attempt to 
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correlate the size of the gamma cubes or the coarseness of the 
matrix with the cooling times was not completely successful. The 
time of cooling of the sample poured at 500° C. into the mold at 0° C. 
was quite appreciably less than that of the sample poured at 300° C. 
into the mold at 100° C., but, contrary to expectation, the gamma 
cubes were larger in the first alloy. (The author states that he may be 
incorrect in assuming that the reciprocals of the cooling times measure 
rates of cooling.) Undercooling may have some effect here. 

The results agree with those of Hudson and Darley on tin-base 
alloys. 


INVESTIGATION OF A LEAD-BASE ALLOY CONTAINING COPPER 


The effect was investigated of the addition of copper (to prevent 
segregation) to an alloy similar to the one above. The alloy as made 
up had the composition: Ph, 82.5; Sb, 11.0; Sn, 5.5; Cu, 1.0. 

Castings were poured at 300°, 400°, and 500° C. into molds at 
0°, 100°, and 200° C. The mechanical properties were not investigated. 
The results of the micrographic examinations were so surprising that 
the author was led to study the electrical resistivity in the liquid state, 

Copper almost completely eliminated segregation, not, however, by 
entanglement of the gamma cubes by Cu,Sn needles as was the case 
in some other lead-base bearing metals; but in some castings poured 
at 300° C. by an effect as yet undetermined by the author, and in 
case of castings poured at 400° and 500° C. by a complete change in 
structure, i.e, replacement of the gamma cubes by needles of the 
compound Cu,Sb, “Regulus of Venus”. (The author states that the 
effect at 300° C. may be related in some way to that of copper in 
transforming the gamma cubes, as referred to below.) 

In castings poured at 300° C., the gamma cubes became larger 
and the matrix coarser with increase in mold temperature. Needles of 
the purple compound Cu,Sb were not entirely absent although rela- 
tively few in number. 

In castings poured at 400° C. few cubes were found, in fact they 
were rare except in castings poured into molds at 200° C., which 
cooled somewhat more slowly than the others. The cubes were replaced 
chiefly by the needles of Cu,8b, which were quite unaffected by mold . 
temperature. This, however, affected the eutectic. 

Castings poured at 500° C. had a structure similar to those poured 
at 400° C., but the eutectic was more affected by mold temperature 
and the purple needles were more uniform in size and distribution. 
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Only in castings poured into molds at 200° C. were the gamma cubes 
numerous enough to be noticeable. 

These results were so surprising that the author felt that some 
error must have occurred, such as segregation in the ladle. The results 
were shown to be correct, however, if the casting which had been 
poured at 300° C. into the mold at 200° ©. was remclted and heated 
to 500° CG. and poured into a mold at room temperature. The gamma 
cubes were practically all replaced by the purple compound. 

In another test some of the alloy was heated to 500° C., slowly 
cooled to 800° C. and poured into a mold at room temperature, The 
resulting structure was a compromise between the two types. 

The author explains these phenomena by the occurrence of an 
intermetallic reaction in the liquid alloy between 300° and 400° C.,, 
which may be expressed by the equation: 2 Cu -+ SnSb = Cu.Sb + Sn. 

The existence of the compound Cu.Sb in the liquid state was 
demonstrated by Bornemann, but no evidence of the existence of 
gamma in the liquid state haa ever been found. If it does exist and 
reacts with copper according to the above equation, the resistivity 
would be expected to change. 

The author made resistivity measurements and gives bis results 
in the form of graphs, though he does not give absolute values of 
resistivity. A radical change is seen to occur in the alloy at 334° C., 
ie. in the liquid alloy, a change of the above character in the opinion 
of the author. Copper may react with SnSb or directly with antimony 
to form Cu,Sb, but there is no clear reason for doubting the former 
possibility (existence of SnSb in the liquid state). A cooling curve of 
the alloy also shows a distinct heat effect at 334° C. 

In a lead-base alloy containing copper, small needles of CusS8b 
were evident ‘and the gamma cubes had a web-like structure, which 
the author believes due to the copper. He believes that this effect 
may have some indirect connection with the influence of copper in 
controlling and preventing segregation. 


132. Age-Hardening of Lead-Tin and Lead-Antimony Alloys. 
(Part of Chairman’s Address, Birmingham Local Section of the 
Institute of Metals.) H. W, Brownsdon, J. Inst. Metals, 26:397- 
398 (1921). 


Brownsdon gives curves showing change in the impact hardness on 
ageing up to 67 weeks of Pb-Sn (up to 4 per cent Sn) and Pb-Sb (up 
to 4 per cent Sb). Pb-Sb becomes harder during the first week and 
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then gradually softer, while the Pb-Sn alloys become soft somewhat 
rapidly at first and then more gradually. No comparison can be made 
with the usual measures of hardness. These measurements were ob- 
tained by letting a weight fall on a cylinder of the alloy and noting 
the permanent deformation. 


133. On the Relation between the Equilibrium Diagram and Hard- 
ness in Binary Alloys. T. Isihara, Sci. Rept. Tohdku Imp. 
Univ., 11:207-222 (1922), 

From seleroscope determinations on scveral binary systems, Isthara 
derives the following conclusions: (1) In a series of binary alloys 
forming solid solutions in all proportions the effect of quenching on 
the hardness is small. The hardness of either metal is increased by 
adding the other, the maximum hardness being for an alloy having 
equal atomic percentages of each, as stated by Tammann, and 
Rurnakow and Zemezuzeny. (2) Quenching has little effect on the 
hardness of solid solutions. (8) If the quenching temperature lies above 
a cutectoid point or a solubility line, the hardness of the quenched 
specimen shows a discontinuity in at least the direction of the hardness 
curve changes. (4) The hardness of an annealed eutectoid alloy is a 
maximum with respect to concentration. (5) In alloys containing a 
cutectoid constituent an ageing effect occurs after quenching, though 
it is usually small. (6) In the system Cu-Al (Al bronzes) quenching 
from a temperature above the eutectoid point softens the alloy. This 
is directly contrary to the interference theory as applied to solid solu- 
tions. (7) There is a very intimate relation between hardness and the 
equilibrium diagram, so that ambiguous points of the latter may be 
determined by hardness measurements. 

Cu-Sn alloys quenched from 700° C. give an upward cusp ab the 
composition Cu, 75; Sn, 25. 


134. The Hardness of Metals as Affected by Temperature. K. Ito, . 
Sci. Rept. Tohéku Imp, Univ., 12:187-148 (1923). 

Brinell hardness tests were made at temperatures between —50° C. 
and 150° C. on a number of metals, among them a babbitt: Sn, 88.8; 
Sb, 7.4; Cu, 3.7; and a bronze: Cu, 79.7; Su, 17.7; Zn, 2.1. The load 
used on the babbitt was 500 kg. and on the bronze 1000 kg. 

For babbitt, the Brinell hardness number = 52 at —49°, 31.5 at 
18°, 10.8 at 145° C. 
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For bronze, the Brinell hardness number = 159 at —-42°, 144 at 
17°, 116 at 148° C. 

A linear relation exists between the logarithm of the Brinell hard- 
ness number and ¢° C. 


135. How Dull Tools Displace the Grain of Bearing Metals, C, H. 
Bierbaum, Am. Machinist, 47:665-667 (1917). 


The author describes the operating conditions of bearings (no con- 
tact between metals, relation of oil film thickness to load, speed, etc.) 
and the requisite structure for a bearing metal, viz., hard particles in 
a plastic matrix. 

The hard particles should not be harder than the journal, for 
example the hard Cu,Sn crystals in a pure tin bronze will score a 
machine steel shaft. However, if lead is added, somewhat different 
results are obtained, as particles of this metal locate themselves in 
close proximity to the hard crystals, thus allowing them to adjust 
themselves to new positions according to the bearing requirements. 
The hard particles, due to wearing, will stand out in relicf, allowing 
the lubricant to circulate between them. 

It is common knowledge that cold rolled or cald drawn material 
is not suitable for bearings. The reason is apparent from the metal- 
lographic point of view. The metal is compressed, and the crystal 
structure changes, leaving the hard particles with little or no freedom 
to adjust themselves. Except in the case of a few alloys, the same 
effect is produced by machining with a blunt tool. The author gives 
photomicrographs of a bronze worm wheel cut with a dull hob and 
a bronze bush cut with a dull broach, both showing distortion of the 
grain, For comparison he shows a photomicrograph of a bronze show- 
ing no grain distortion even after a heavy cut, with a sharp tool. 


136. The “Weathering” of a Lead and Sodium Alloy. Anonymous, 
Brass World, 2:26 (1906). 

As would be expected, Pb-Na alloys oxidize on exposure to the 
air. An illustration is given of a cake of Pb, 98.5; Na, 1.5 which had 
remained in comparatively dry air for about two months, when it 
started to grow “fuzz”. The growth had the appearance of a fungus 
and the branches extended one-quarter inch above the surface. It 
appeared to consist of sodium carbonate. The formation took place 


more rapidly where slight cracks existed, although finally the whole 
surface became covered. 
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137. Note on a Failure of “Manganese-Bronze”. J. H. S. Dickenson, 
J. Inst. Metals, 24:315-832 (1920). 


_ The author investigated the failure of the end plate of a turbo- 
alternator rotor, Several of the peripheral projections holding the 
damping bars broke, the fracture being that characteristic of strongly 
overheated or burnt alloy steels and without visible distortion. 

The alloy was cast Mn-Bronze, Cu, 55.75; Zn, 36.77; Mn, 3.87; 
Al, 2.56; Fe, 1.30; Sn, 0.08; Pb, 0.07. It was a typical beta brass of 
polyhedral structure. The appearance of solder on the surface, the 
whitish tinge of the fracture and the evidence of intergranular films 
indicated that the weakening of the metal occurred during the original 
soldering or in service. Evidence indicated that overheating occurred 
in service and the solder penetrated between the grains of the bronze, 
while it was under stress, thus producing brittleness, Pieces of such 
a bronze gave a good bend test with a tough fibrous fracture, at 20 
and 200° C., yet if touched with a piece of solder on the tension side 
while under small load at 200° C., they instantly collapsed. The solder 
had to melt on contact, however. No effect was obtained on the com- 
pression side. Similar tests were made on other bronzes and brasses, 
stress-strain curves being given. 

On the whole the tendency of fluid alloys was to penetrate via the 
grain boundaries both in alpha and beta brass. The only apparent 
reason why polyhedral beta brasses fail more easily is the absence of 
intergranular locking. 


138. The Penetration of Brass by Tin and Solder. (With a Few 
Notes on the Copper-Tin Equilibrium Diagram.) H. J. Miller, 
J. Inst. of Metals, 37:183-192 (1927). 14 Figures. 9 Tables. 

Summary and Conclusions: 

“1. The cracking of brass articles upon immersion in molten tin 
or solder presents a close similarity to the phenomenon of ‘season- 
cracking’ and the penetration of mercury between the grain bound- 
arles of brass. 

“2, The cracks, as a rule, follow an inter-crystalline path, but 
occasionally they cut through a crystal. 

“3. The cracking is primarily due to the presence of stress, either 
of an internal or an external nature. No cases of cracking have been 
experienced when it was known that stress was entirely absent. 

“4, Tensile experiments have shown that the amount of stress 
necessary for brass to crack in molten tin or solder is much higher 
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than that required for cracking to oceur in mercury, The temperature 
of the molten metal has some influence. 

“5. Industrial articles which crack in molten solder must be in a 
state of great internal stress, so great that there would be scrious 
liability of them cracking in subsequent service”. 

To overcome liability of cracking during tinning and soldering of 
brass it is recommended that the articles should be free from an 
injurious amount of stress, attainable by care in the cold working or 
by low-temperature annealing, 

An intermetallic compound was observed in brass test pieces that 
had been penetrated by tin. This observation led to some work on 
the tin end of the copper-tin equilibrium diagram. The author found 
solubility limits of copper in tin much different from those found by 
Heycock and Neville and still more different from those of some other 
investigators, His results are as follows: 


Temperature v..se.c. co. 240 290 335 385 420 
(°C) 


Solubility .........0..05 0.90 1.65 3.00 6.05 7.90 
(Per Cent Cu) 


In another test, use was made of the fact that the compound CuS8n 
is heavier than tin. If an alloy containing a little copper is maintained 
at a temperature below the liquidus for a long time, CuSn sinks and 
the upper parts of the liquid should be of equilibrium composition. 
The results found were nearer to those given above for solubility than 
to those of Heycock and Neville. 


Temperature pas eeaneeueres 227 285 340 
CC.) 
Solubility wo... cece ee ee es 0.70 1.83 3.45 


(Per Cent Cu) 


Micrographic examination showed that the euteetie point lies be- 
tween 0.6 ad 0.7 per cent Cu, instead of at 1 per cont Cu as found by 
Heycock and Neville or still higher by other investigators. 


Discussion. (Joint discussion on papers by H. J. Miller, H. J. 
Hartley, and R. Genders, pp. 223-240.) 

Sir Gerard A. Muntz suggested that Miller would have obtained 
the same results by heating and straining only, in the absence of tin 
and lead. That is to say, solder gets into the brass because it was 
cracked already, not because the cracks were made by the molten 
metal. This phenomenon is connected with the brittle range (block 
breaking point) of brass from 170° to 350° C, 
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H. J. Hartley asked if Miller verified the composition of the com- 
pound which he stated to be CuSn. He himself found a product which 
suggested an alloy of Cu,Zng and Cu,Sn. 

U. R. Evans suggested that mercury penetrates more rapidly than 
solder due to its greater volatility, the metal distilling inwards. 

A. Pinkerton has examined large numbers of failures which oc- 
curred when tin and solder were applied to stressed brass, but could 
find no evidence that penetration occurred elsewhere than at a crack. 
He was therefore inclined to the view that the failure is due not to 
the molten metal but to “fire-cracking”, Further examination, however, 
showed that in some cases penetration occurred even where no cracks 
were visible. In some cases cracking secmed to be connected with a 
slight over-annealing or large erystal grains. 

Miller in reply stated that he had performed the blank test sug- 
gested by Sir Gerard Muntz by subjecting specimens to immersion 
in oil at temperatures up to 360° C., but found no cracking, even of 
highly stressed tubes. 

J. L. Haughton stated that the position of the eutectic found by 
Miller was in accord with the observations of T. E. Rooney (221, 
Discussion). The very careful work of Gurevich and Hromatko, how- 
ever, showed the eutectic to be at 1 per cent Cu. He believes, therefore, 
that more work on this problem is necessary. 


139, The Attack of Molten Metal on Certain Non-Ferrous Metals 
and Alloys. H. J. Hartley, J. Inst. of Metals, 37:193-214 
(1927). 17 Figures. 16 Tables. 

The author feels that the same mechanism causing intercrystalline 
embrittlement is at work in the attack of various chemical reagents 
and molten metals on solid metals. The penetration was studied of 
tin and solder into copper and 80:20, 70:30, 64:36, and 61:39 brasses. 

The magnitude of the attack seems to depend greatly on the tin 
content of the solder. In attack by solder, residual stresses are liable 
to produce rupture only when the temperature rise is sudden, since at 
200° C. internal stresses are rapidly released. 

Rhead [Metal Ind. (London), 18:365 (1921)] states that the at- 
tack of molten metals follows a course indicated by gamma solution 
between the crystals. It is difficult to see how this explains the attack 
of solder on fully annealed copper or on 80:20 brass, or the occasional 
penetration through a crystal. 

The amorphous cement theory offers a simple explanation of inter- 
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crystalline penetration, since the loosely packed amorphous material 
is supposed to be more soluble than the crystalline. It apparently fails 
in the case of cold-worked material,. for such is less rapidly attacked 
by mercury than soft or medium-hard material. 

Hartley agrees with Desch [Trans. Far. Soc., 17:17-21 (1921)] 
that the explanation is not to be found in any theory of normal con- 
ditions at the grain boundaries, t.e., that mercury or other reagents 
cannot produce intercrystalline weakness that does not already exist. 
The initial attack is probably due to local abnormal conditions or 
impurities as it is apparently haphazard. Once started the only con- 
dition for further attack may be high tensile stress. 

Tf the entrance of tin into a grain boundary is accompanied by 
the formation of a solution of two intermetallic compounds (which is 
incapable of taking its share of the tensile stress due to its brittlencss) 
the ability of an attacking metal to unite in combination with a con- 
stituent of the attacked alloy will, to a large extent, determine the 
attacking power of the metal. 

Assuming that the attacks by molten tin and by mercury at ordi- 
nary temperatures are analogous, a work-hardened material free from 
internal stress will resist attack far more effectively than annealed 
brasses, yet considerable decrease in tensile strength may be expected 
even in these. 

Discussion. F.C. Thompson stated that Hartley’s evidence seems 
to be perfectly satisfactory in showing that an additional weakness 
is present when brass is attacked by some molten metal. He feels that 
the molten metal is the main cause of trouble but also feels certain 
that a very small crack must exist in advance of penetration. 

H. J. Hartley in reply to Prof. Thompson states that in a number 
of instances of solder penetration into broken test pieces he could find 
no crack formed in advance of the solder. 


140. The Diffusion of Bronze into Steel at High Temperatures, 
M. R. Perrin, Rev, Mét., 21:531-538 (1924). 18 Figures. 

With certain precautions one may coat a piece of steel with an 
adherent layer of bronze by pouring the bronze on to the surface of 
the steel. A study of specimens thus formed reveals a mutual penetra- 
tion of the bronze and the steel, a phenomenon allied to cementation 
and differing according to the kind of steel. 

All oxide must be excluded, therefore the steel surface is first tinned 
in order to be able to operate in the air. Perrin used quite a large 
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quantity of bronze, in order to hold it at a high temperature as long 
as possible after pouring and thus secure maximum interpenetration 
of the two metals. A study was made of the bronzing of steel shells 
and cylinders. 


MECHANISM OF BRONZING: 


Bronze diffuses into steel at 1000° C., a true metallic. cementation 
resulting, the depth of penetration being greater the longer the time 
of contact at a high temperature. This explains why: 

1. Such a bimetallic piece may be heated to 800° C. without loosen- 
ing the two metals. 

2. In a tensile test the break occurs in the bronze and not at the 
surface of contact, evidence of a continuity of mechanical properties 
(although, rapidly varying) across the boundary surface. Impact 
specimens, however, fail at the boundary. 

3. Penetration is small and nearly uniform for C steel, pearlitic 
Ni-Cr steel, but deep and anisotropic for austenitic Ni steels. With 
martensitic steels the results are not satisfactory, due to the formation 
of cracks. In the case of thin pieces avoid Ni steel. 

Perrin manufactures bronze lined steel shells for bushings of electric 
motors. 


141, Rapid Analysis of Babbitts and Bronzes. E, W. McMullen, 
Chemist-Analyst, 35:9-11 (1921). [From J. Inst. Metals, 29:694 
(1923) .] 

The following method of analysis is quoted. 

“Dissolve 0.5 gram in concentrated HINO,, evaporate to dryness 
and bake several minutes. Digest 15 min. with 5-10 ec, HNO, and 75 ce. 
H,O. Collect the insoluble Sn and Sb compounds on a pulp filter, wash, 
ignite, and weigh as SnO.-+8b,0,. (For very accurate work test 
residue for Fe, Pb, and Cu.) Evaporate filtrate with 7 cc. H.8O, until 
latter fumes strongly, cool and treat with 100 ce. H,O and 20 ce. alco- 
hol, to ppt. the PbSO, which weigh. Boil to remove the alcohol, add 
25 ce. HSO, and a little KI solution. Collect Cul on a Gooch erucible, 
wash and dry at 110° C. and weigh. Boil solution to expel SO,, oxidize, 
and treat with NH,OH. Ignite precipitate of Fe and Al hydroxides, 
weigh and determine Fe volumetrically. Zn is determined in the am- 
moniacal filtrate by precipitate as phosphate. A separate trial is used 
for the estimation of Sb, by solution in hot concentrated H.SO, fol- 
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lowed by titration with KmnO, in the presence of HCl and tartaric 
acids”, 


142, The Analysis of Copper-Tin Alloys. W. Gemmell, J. Soe. 
Chem. Ind., 32:581-584 (1913). 

The author gives a method of analysis of tin bronzes without 
first separating the tin with nitrie acid. The tin is kept in solution 
and the copper is precipitated electrolytically. 

Dissolve 2 grams of the alloy in 20 cc. of a mixture of equal 
volumes concentrated HNO, and H.SQO, with 30 cc. water. Boil to 
expel oxides of nitrogen, cool, dilute with 50 ec, water, and deposit the 
Cu electrolytically preferably with rotating Pt gauze elcetrodes. Pb 
does not interfere. 

If Pb is to be estimated, dissolve 5-10 grams of the alloy as before, 
evaporate until fumes of H.SO, are given off, dilute to a strength of 
25 per cent, boil and dilute until the mixture contains 7 per cent H80, 
by volume. The Pb thus precipitated will be quite free from Sn. 

To estimate Sn, dilute the solution remaining after electrolysis ta 
500 cc., boil, filter through double Swedish filter paper, and wash with 
1 per cent H,SO, or HNO,. 

Directions are given for estimating Fe and Ni, 

Zine is estimated in the final filtrate by evaporating this with 
HLSO,, adding au excess of NaOH, acidifying with aectic acid and 
electrolyzing. 


143. The Electrolytic Analysis of Copper Alloys. J. G. Fairchild, 
Met. & Chem. Eng., 11:380-382 (1913). 

The author uses stationary electrodes, the cathode a dish, and the 
anode a spiral. He gives comprehensive directions for the determina- 
tion of Cu, Sn, P, Zn, Fe, Mn, Ni, and Al in copper alloys, also pre- 
cautions to be observed. G. W. Thompson’s procedure for the analysis 
of white metals is given. The original paper should be consulted, 


144. On a Rapid Method of Estimating Phosphorus in Bronzes. 
T. E. Rooney, J. Inst. Metals, 20:108-104 (1918). 

Dissolve 0.5-2 grams drillings in 20 cc, strong HNO, and 10 ec. 
strong HCl (or 60 ec. 1.185 HNQOs and 10 ce. HCl). Digest without 
boiling until the red fumes are gone. Dilute to 70 ce., cool, add 40 ce. 
0.96 NH,OH followed slowly with shaking by 35 ec. nitromolybdate 
solution, Let stand 1-2 hr., filter off ppt. (preferably on pulp) and 
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wash with H,O until acid-free. Transfer filter and ppt. back to flask 
and run m an excess of N/20 Na,CO, from a burette, titrate with 
N/20 H,SO, using phenolphthalein (1 ce. N/20 Na,CO, = 0.00337 per 
cent P on 2 grams). 

The analysis is best carried out in an Erlenmeyer flask, using a 
rubber stopper during the final shaking. 

The digestion with acid must be long enough to oxidize all the P. 
Boiling or heating must not be long or the Sn will precipitate. 

The author compares his method with a gravimetric method in 
which the SnO, containing P is mixed witb Hepar mixture and fused. 
Dissolve the melt in hot H,O, add a little HCl to precipitate the Sn. 
Filter, boil the filtrate to remove ELS. HNO, is then added and the 
solution boiled down, P is precipitated and estimated as Mg pyro- 
phosphate, 

A table is given comparing the results of the analysis in both ways. 
The maximum difference is 0.03 per cent of the whole alloy. 


145. The Determination of Sulfur in Brass and Bronze, G. Thur- 
nauer, J. Ind. & Eng. Chem., 2:293 (1910). 

The author has adapted to the analysis of copper alloys, a method 
used for the determination of sulfur in organic compounds, 

One gram of filings which will pass through a 100-mesh sieve are 
mixed with 6 grams of a mixture of two parts potassium chlorate to 
one of sodium carbonate. 

A small quantity of sodium carbonate is placed on the bottom of 
wrought iron crucible, uext the above mixture and then a little 
of the mixture without the filings. The crucible is covered and 
heated over a Bunsen burner, at first slowly, and then to a high 
temperature, 

The melt is digested with hot water and filtered. The filtrate is 
acidulated with hydrochloric acid and boiled to remove all carbonic 
acid. The solution is neutralized with ammonia, acidified with HCl, 
and the sulfur precipitated with barium chloride. 


146. Analysis of Babbitt Metal; Alloys of Tin, Antimony, Lead 
and Copper. E. W. Hagmaier, Met. & Chem. Eng., 16:84-85 
(1917). 

Before analysis, the sawings or filings should be gone over with a 

“magnet. | 
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Sb: Dissolve 1 gram in 10 ce. H,O and 25 ce. H250, on a hot plate, 
cool, add 100 ce. H,O, 10 ce. HCI, boil 10 min. to expel sulfuric fumes. 
Cool, add 100 ce. H,O and titrate with KMnQ,. 

Sn: Dissolve 0.5 gram in 30 ce. HCl, heat gently, if impossible to 
obtain complete solution add a little KCIO,. Add 150 ce. H,O and 
80 cc. HCl. Put a strip of ingot’ iron in the flask, cover and boil until 
all the Sn is reduced. Cool quickly, remove Fe and titrate with 0.1 N 
iodine solution. 

Pb: See Abstract No, 157. 

Cu: The treatment is the same as for Sn to the point where the 
PbSO, is filtered off. When the precipitate is washed so that no Cu re- 
mains discard precipitate, add 2-8 ec, HC! to filtrate and some pieces of 
Cu-free Al, place on the back of hot plate and the Cu will be thrown 
out, 

Dissolve 0.5 gram Cu foil in 5 cc. HNO,. Neutralize with Na,CO,, 
acidify with (1:3) acetie acid and cool. Add 3 grams KI and stir 
until it is dissolved. The solution will be brown with a white precipitate. 
Titrate at once with 0.1 N thiosulphate solution. When pale add 10 ce. 
of starch. solution and titrate until the blue color is entirely gone. 
Keep concentrated, have slight excess of acetic acid. Have completely 
cold before adding KI, add sufficient KI and stir continually during 
titration. 


147, Analysis of White Metal Alloys, Determination of Lead, 
Copper and Antimony. R. Howden, Chem. News, 116:235 
(1917). 

Pb; Dissolve 1 gram in nitro HCl, add 5 ec. concentrated H,SO, 
and about 1 gram tartaric acid. Evaporate until the red fumes are 
gone, remove from hot plate and dilute. Filter off PbSO, wash, burn 
and weigh. 

Cu. Pass SO, into filtrate, precipitate Cu as Cul or Cu(CNS)>. Col- 
lect precipitate on a pulp filter, dissolve in dilute HNO,, estimate Cu 
by the iodide or thiosulphate method. 

Sb: Dissolve 1 gram in HCl with the addition of KCIO,, add drop 
by drop SnCl, solution until yellow color is bleached. Dilute to con- 
venient bulk and blow air through for about 20 min. to reoxidize the 
Cu, Estimate Sb by the bromate method: 

Reoxidize Sb by a standard solution of KBrO,. Titrate using 
methyl orange. Run in bromate solution until 1 drop suddenly destroys 
the color, The temperature should be 60° F, 
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148. Analysis of Babbitt Metal. H. C. Boehmer, J. R. Gordon, and 
C. W. Simmons, Can. Chem. J., 4:171-173 (1920); Chem. Ab- 
stracts, 13:3106 (1920). 


Dissolve 0.5 gram of alloy in 20 grams concentrated H,SO, (or 
1 pram in 35 ce.), cool, add 150 cc. H,O and 5 ce. concentrated HCl. 
Let stand one hour and filter PbSO, in a Gooch erueible. In the filtrate 
(about 200 cc.) titrate the Sb with 0.1 N KBrO, solution and methyl 
orange. Add to the solution 10 cc. concentrated HCl and 0.5 gram 
powdered Sb, boil 20 win., cool in a current of CO, and titrate the Sn 
with 0.1 N KBrO,, using KI and starch as indicator. 


149. Analyses of Babbitt Metal. I. B. Mintz, B. O. Lyubin, and 
Ya. I. Zilberman, Nauchnute Zapiski, 4:196-198 (1927). Ab- 
stract in J. Inst. Metals, 38:499 (1927). 

“Cover 1 gram of filings in a deep porcelain dish with 5 cc. of 
water and 10 ce. of concentrated HNO,. Evaporate to dryness and 
treat the residue with 7.5 N-HNO, to dissolve Cu and Pb salts. Filter 
and wash with water containing some NH,NO,, add 10 ec. of con- 
centrated HNO, to the filtrate, bringing the total volume to about 
120 cc. Electrolyze the solution for Cu and Pb. Determine Sb and Sn 
by the Tereshchenko method: dissolve 0.5-1 gram of the material in 
10 ce. of concentrated H.SO,, boil for 5-7 minutes, cool, add 50 ce. 
of water and 20 ec. of concentrated HCl, boil for 2 minutes, cool 
quickly, add 100 ce. of water and titrate the Sb with 0.1 N-KMn0,, 
Pour the solution into 110 cc. of G N-HCl, add 15 grams of pure iron 
wire, heat slowly and introduce CO, to expel air. When all the Fe 
has dissolved, cool, add 5 ec. of starch solution, and titrate the Sn 
with 0.1 N-KI, solution”. 


150. Electrolytic Analysis of White Metals with Tin Base. 
I. Compagno, Atti uecad. Lincei, 22 (II) :221 (1913), 

The author gives a rapid and accurate method for the analysis 
of white metals, as follows. Cover 1 gram of the alloy with 20 ce. of 
14 HNO,, let stand several hours and then heat on a water bath. 
The tin and antimony oxides obtained contain only a little copper. 
Copper and a small quantity of lead. are estimated electrolytically in 
the filtrate, Dissolve the precipitate in NaOH and NS and eler- 
trolyze. The copper deposited with the antimony is precipitated as 
CuO and estimated. 

The liquid from the antimony electrolysis is heated and treated 
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with 120 cc. HCl. Boil until the tin sulfide redissolves. After concen- 
trating add a little H,O., then 20 grams of oxalic acid. The tin is 
deposited from the warm solution on a rotating cathode. 


151. A Rapid and Accurate Method for the Determination of 
Antimony in White Metals. Anonymous, Brass World, 10:182 
(1914). 

Put 0.5 gram of sawed sample in a 12 gram flask, add 20 ce. cone. 
H,SO,, dissolve over a Bunsen burner, cool, add 15 ce. conc, HCI, 
then add water to about 400 cc. and titrate with a standard solution 
of KMnO,. (Use about 1 ec. to 0.006 gram Sb.) Standardize the 
solution under the same conditions as the sample being run. 


152. The Rapid Estimation of Antimony in Lead-Antimony 
Alloys. L. Bertiaux, Chim. ind., 4:467-472 (1920). 

Sb can be quickly determined in alloys with Pb (Sn, Cu, and Bi) 
as follows: 

Dissolve 5 grams in 40 ce. boiling H50, with the addition of 10 
grams anhydrous K,SO, or Na,8Q,, dilute with 200 ce. H,O, add 50 ce. 
HCl. Titrate with KMnO, (5.7 grams per liter) after the addition of 
2 drops of a 1:1000 solution of Poirricr orange (or indigo). The 
slightest excess of KMnO, liberates Cl which discolors the liquid. 

Sb = Fe (corresponding to ce. of KMnO,) X 1.0714. 

Titrate slowly with continual shaking. Fe must be absent or deter- 
mined colorimetrically by NH,CNS after titration. A series of trials 
leading up to the method is given. 


153. A Method for the Determination of Antimony in White 
Metals, Etc. H. R. Fitter, J. Soc. Chem. Ind., 46:414T (1927). 

“A method for the determination of Sb in the presence of Sn in 
alloys such as white metal, solders, brass, and bronze is described. 
Two grams of filings are dissolved in 20 ce. concentrated HNO,, the 
nitrous fumes are boiled off, and the solution diluted to 200 cc. The 
precipitate of oxides of Sn and Sb is filtered on a glazed filter paper 
and washed. The precipitate is transferred to a beaker and 30 grams 
of oxalic acid added and the solution made up to 100 cc. It is kept 
hot until clear and then diluted to 200 ce. H,S is passed through the 
hot solution until the whole of the Sb is precipitated. The precipitate 
is collected and washed with H,S water. The paper and precipitate . 
are transferred to a beaker, and at this stage it may contain traces 
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of Sn, Cu, or Pb. The precipitate is covered with a 10 per cent solution 
of NaOH and warmed until all but the dark colored sulfides are dis- 
solved. The solution is diluted and filtered and the filtrate neutralized 
with oxalic acid and an excess of 30 grams acid added. The solution 


is again made up to 200 cc. and treated with H.8, when pure Sb,S, is 
precipitated”, 


154. A Simple and Rapid Method for the Determination of Tin 
in Bearing Metals and Similar Alloys. J. Nagel, Chem. Ztg., 
46:698 (1922). 

Dissolve 0.5-1.0 gram filings by boiling with 100-150 ce, cone. 
HCl and 2-3 grams KCIO, until the excess of Cl is driven off. Add 
30 cc, H,O and 5-7 grams NaCl to raise the boiling point. A nickel 
strip 3 mm, thick and 10 cm.” in area ts immersed in the solution and 
this boiled three-quarters to 1 hour. Plug flask with a stopper having 
a bent glass tube inserted and boil 10 min. to expel the air. Pass in 
CO, and let cool in an atmosphere of this. Titrate with iodine solution 
(100 cc. = 0.5-1.0 gram Sn), using starch for an indicator. Pb and Sb 
have no influence on the determination. 


155. The Determination of Calcium, Sodium, and Lithium in the 
New Lead Alloys. E. Schurmann aud W. Böhm, Chem. Ztg., 
50:709-710 (1926). Abstract from J. Inst. Metals, 37:579 
(1927). 

“One hundred grams of alloy are dissolved in HNOQ,; the bulk of 
the Pb is precipitated as PbCl, by addition of HCl, the filtrate 
evaporated to dryness and the residue extracted with water. The 
solution is treated with AgNO; to convert the salts back to nitrates, 
and PbO, is deposited by electrolysis of the filtrate. The solution. 
freed from Pb is evaporated repeatedly with HCl, the heavy metals, 
iron, and the alkaline earths arc removed by successive treatments 
. with H.8, NH,OH, and (NH,).C.O,, and the filtrate is evaporated to 
dryness, The residue is heated to expel NH, salts, and Na and Li are 
separated by the amy! alcohol method of Gooch”. 


156. Determination of Calcium, Strontium, and Barium. L. 
Szebellädy, Z. anal. Chem., 70:39-55 (1927). Abstract in J. Inst, 
Metals, 37:579 (1927). 

“For the gravimetrie determination of Ca by precipitation with 

an oxalate in CH,.COOH solution the niore readily soluble K,C,Q, 
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may replace (NH,).C.0, as the precipitant with advantage. Sr may 
be accurately determined by weighing SrC,0,.H,O obtained by pre- 
cipitation in a solution containing 1 ce. of N CHa. COOH. per 100 ce., 
using 10 per cent K,C:0, solution as a precipitant and subsequently 
drying at 100° C. Slight corrections have to be applied in the case of 
both metals to the weight of precipitate obtained; these are set out 
in tabular form in the original. For the separation of Ca and Sr the 
nitrate solution is evaporated to dryness and the residue heated for 
30 minutes at 135° C., then for 80 minutes at 180°. After cooling over 
anhydrous CaCl, the dry mass is extracted twice with 2.5 ec. of abso- 
lute C,H,OH, then with 5 ce. of anhydrous isobutyl alcohol. The 
residue is dissolved in water and the evaporation, drying, and extrac- 
tion repeated, using only 10 cc. of isobutyl alcohol. The final Sr(NOQ;), 
residue is dissolved in water, the solution evaporated, and the residue 
dried at 185° C. for weighing. The Ca(NOQ,). solution in the mixed 
alcohols is evaporated and the residue converted into CaSO, by heat- 
ing with (NH,).80,. Ca and Ba are separated in a similar manner. 
For the separation of Sr and Ba the boiling solution (100 cc.) is treated 
with 15 ce. of N CH,.COOH, 5 grams of NH,Cl, and 10 cc. of 10 
per cent K,CrO, solution is added slowly. The precipitate af BaCrO, 
is collected next day, washed with cold water, dried at 132° C., and 
weighed. Sr is recovered as SrC.0,.H.O from the filtrate”. 


157. Determination of Copper in Babbitt Metal. EK. W. Hagmaier, 
Met. & Chem. Eng., 12:753 (1914). 


Place 1 gram of filings in a 250 ce. beaker, add 15 ce. hot water 
and sufficient tartaric acid to hold in solution all the Sn and Sb, run 
in 6 ee. HNO, and boil until the alloy is dissolved. If the solution is 
milky there is not enough tartaric acid and the determination must 
be started over again. Cool and add 5 cc. H.SO, and boil to expel 
HNO, (about 5 min.). Remove from the plate or the tartaric acid 
will char, Cool, add 5 cc. H,O, allow PbSO, to scttle and filter, wash- 
ing with 2 per cent H.SO,. Use the precipitate to determine Pb, by 
dissolving on the paper with NH,Ac and HAc, then precipitate the 
Pb as chromate. The filtrate from the PbSO, is made up to 400-500 cc., 
1 or 2 cc. HCl is added, a strip of Cu-free Al inserted and the beaker 
placed on back of the plate. The Cu will be thrown out and may be 
filtered off and determined electrolytically or by titration. 
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158. The High Lead Bearing Metal Problem. R. R. Clarke, 
Foundry, 42:219-223 (1914). 


The author calls a high lead alloy (copper base) one having Pb 
and Sn over 24 per cent of the whole and Sn less than 30 per cent of 
the combined Pb and Sn. The problem of making these alloys arises 
from the fact that Cu will absorb naturally only 3.5-4 per cent of Ph. 

It is well known that Sn aids the incorporation of Pb up to a cer- 
tain percentage of Sn in Cu, and above this it hinders incorporation 
of Pb. The use of P has recently been sanctioned. Zn must be excluded 
on account of its heating tendency. If Sb is substituted for Sn the 
castings will be brittle and treacherous, P, used as a deaxidizer, should 
not be more than 1 per cent of the whole and less should be used the 
higher the Pb content. 

Cu, 80; Sn, 10; Pb, 10 may be made without stirring, though it is 
not bad practice to do so. Such castings sweat Pb profusely, if un- 
covered much above a cherry red heat. 

The author cannot answer any questions regarding the control of 
process by addition of other elements. The author has had expcrience 
with various types of high lead bronzes, and has found that they are 
all failures as far as ordinary foundry manipulation is concerned, 
regardless of the claims of the manufacturers. 

Ni or Fe-Mn may be used as an auxiliary addition, but are both 
inferior to Sn. The limit is probably 1 per cent Ni or 3 per cent of 
80 per cent Fe-Mn. The author-mentions the alloy Cu, 76; Pb, 20; 
Sn, 4, with 1 per cent Cu replaced by Ni, or 2 per cent Cu replaced by 
Fe-Mn as limiting cases. Castings of these have the following peculi- 
arities: (1) they resent hard tamping, (2) they have a decided ten- 
dency to shrink, (8) they should be powed hot. However, if poured 
too hot, they will remain liquid in the mold too long, and the Pb will 
sink at once to the bottom if stirring ceases. The author remarks that 
there must be something radically wrong with an alloy which will 
blow up a mold that is tamped hard, or is made of wet sand, and still 
shrink under 23 inches of gate pressure. , 

Segregation is not such a vital factor in light castings, as they 
solidify so rapidly the Pb does not have time to sink, nor in those 
whose area is large compared with the volume or those poured into 
iron molds, in which case, gravity may be made the medium for a 
mechanical trick. 

The Pb probably oxidizes to some extent and leaves the dross 
enmeshed in the Cu when it sweats out. The sweating is the greater 
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evil here as it makes the casting porous. The dross, however, makes 
the metal almost worthless as scrap. The author has examined many 
recastings showing Jong lines of dross and porosity. 

The authors experience has led him to the following casting pro- 
cedure as the best if virgin metals are used: Melt the metals of high 
melting point together first under charcoal using a reliable flux. Do 
not overheat. A rather dry sand should be used, uniformly tamped and 
vented freely. Use strong gate or sprue pressurc. In pouring use a 
skimmer not far from the lip of the container. Pour hard and at a 
warm temperature. The mold should be gated at the bottom if this is 
possible. Uncover castings at a cherry red heat. The metal should be 
stirred vigorously before pouring. 


159. Casting Bearings in Sand and Metal Molds. R. R. Clarke, 
J. Am. Inst. of Metals, 11/12:167-180 (1917/1918). 


This paper discusses the manufacture of leaded bronzes. Difficulties 
arise due to the behavior of Pb in Cu. Cu dissolves only 3.5-4 per cent 
Ph, and its density is only 8.9 against 11.3 for Pb, while the melting 
points differ by 700° C. P may be added as a deoxidizer but it tends 
to knock down the Pb. The Sn is advantageous in that it alloys with 
both Pb and Cu. The author mentions Dudley’s experiments to obtain 
a higher Pb alloy. The distribution of Pb changes, not only in casting 
(segregation) but also on heating above the melting point of the Ph. 
Hot bearings sometimes show beads of Pb on the surface. Thesc are 
swept away to be replaced by others with resulting sponginess and 
porosity. An ideal bearing has a duplex antifrictional surface fading 
away into a hard compression resisting background. 

Low lead alloys (Pb not more than 10 per cent) such as Cu, 80; 
Sn, 10; Pb, 10 with 0.5-1,0 per cent P give little trouble with ordinary 
care, such as vigorous stirring on adding the Sn and Pb. The sand 
should be tamped hard, the mold faced with plumbago, the gate should 
be at or near the bottom, the alloy should be poured hard and at as 
low a temperature as possible. The casting must be left in the sand 
until below the melting point of Pb. 

With medium lead alloys (Pb 10-15 per cent) the above measures 
are imperative also. Success with such an alloy as 78-7-15 with phos- 
phorus depends on careful attention to manipulative details. A medium 
instead of a large size crucible is used and stirring should take place 
vigorously from the bottom up. Fifteen per cent Pb is about the limit. 

In high lead alloys (15-50 per cent Pb) another element or ele- 
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ments ınay be added to control the freezing points of solutions, other 
than pure Pb in mass. No phosphorus can be allowed. The pouring 
temperatures are more critical and the castings should be shaken out 
at a cherry red heat, 

Chill castings are not very successful below 15 per cent Pb. Above 
15 per cent Pb they are not as good as sand castings, having blowholes, 
shrinkage, and bad appearance. 


160. Plastic Alloys. E. D. Gleason (in correspondence column), 
The Metal Ind. (N. Y.), 20:74 (1922). 


If the price is no object a plastic bronze as Cu, 65; Pb, 35; Sn, 5 
may be used. Melt down hot under charcoal 60 Ibs. common copper, 
add 5 lbs. of 30 per cent Mn-Cu. Stir well and add the Pb-Sn alloy 
in the form of small pigs. When the pot is lifted skim off the charcoal 
and add a fresh layer and when about to pour skim off charcoal or 
use skim gates. Under these conditions one may obtain an alloy with 
ultimate tensile strength = 25,000 pounds per sq. in., elongation = 15 
per cent, compression == 0.35 per cent for 100,000 pounds per sq. in. 
Mn is good to prevent lead sweat and segregation. In this alloy the 
Mn content is 1.5 per cent. 

For a cheaper alloy use 5-10 per cent of Sn, 50; Sb, 50 plus Cu and 


Pb to 100 per cent. This is easy to obtain free from lead sweat, and 
segregation. 


161. An Investigation of Segregation with a View of Preventing 
Its Occurrence in Castings Made of a High-Lead Bronze. 
R. E. Lee and F. B. Trace, Trans. Am. Foundrymen’s Assoc., 
30:511-540 (1922). 

Investigations on alloys of the type Cu, 70; Pb, 25; Sn, 5 led to the 
following conclusions: (1) Elimination of impurities and thorough 
mechanical mixing is not sufficient to prevent segregation although 
absence of these is a cause. (2) The segregated portions always contain 
less tin; the tin content varies by 26 per cent that of the other metals 
by less than 2 per cent. (3) The loss by oxidation and volatilization 
is greatest for the tin, but it is seldom greater than 1 per cent. (4) If 
the charge is not heated to above 1800° F. (980° C.), or having been 
heated is cooled much below this, segregation will occur. The structure 
indicates that the filling in process is hindered by the greater viscosity 
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at lower temperatures. (5) Castings made from charges heated to 
2000° or 2200° F. (1090° or 1200° C.) and cooled rapidly to 1800° F. 
(980° C.) before pouring exhibited structure not so coarse or loose as 
those poured at the higher temperature. (6) Charges entirely of virgin 
metals require higher temperature to be entirely froc from segregation. 
(7) Castings containing as much as 26 per cent Pb poured at 2200° F, 
(1200° C.) or chilled to 1700° F. (925° C.) from this temperature will 
be free from segregation. (8) The modulus of rupture for castings free 
from segregation is 14 per cent higher than for castings which show 
segregation. The modulus of rupture is not decreased by heating charge 
to the highest temperature, viz., 2200° F. (1200° C.). 

On removing metal from the furnace a small amount of phosphor- 
copper should be added to reduce oxides, then skim and stir vigor- 
ously. The sand should be comparatively dry to prevent sand burns. 


162. Antifriction Metal. G, C. Holder, Metal Ind. (N. Y.), 15:153- 
155 (1917). 

In choosing a bearing metal it is important to consider both the 
load and speed conditions under which it is to operate. The author 
mentions the case of a high speed, light load machine where both tin 
and lead base alloys proved unsatisfactory, but the alloy Zn, 88; Cu, 
9.7; Al, 2.3 gave good service. 

That correct analysis of scrap used is important is self-evident. 
Zine is undesirable, causing brittleness when heated, copper forms 
components of great hardness, aluminum is objectionable because of 
its low affinity for lead. Elements of low atomic volume increase fric- 
tion and vice versa. 

The method of mixing metals of high and low melting point is 
important. As a method of mixing genuine babbitt the author recom- 
mends first melting Cu, adding part of Sn, then the Sb and casting in 
molds. Next melt the rest of the Sn and then add the Cu-Sn-Sb alloy. 
Tron kettles can be used for remelting unless the alloy contains Zn or P. 

Avoid overheating to prevent loss of Sb or oxidation of Sn. An ex- 
cellent practice, in remelting is to inject supcrheated steam or to insert 
a piece of green wood to cause the impurities to rise to the surface. 

For covering the bath, charcoal is not compact enough and pow- 
dered charcoal or graphite is too easily blown away. It is a good idea 
to use resin or better still, tallow. 

If oxides are formed because of the lack of cover, fluxes such as 
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ammonium chloride must be used. Another efficient flux is manganese 
sulfate and powdered charcoal, placed in the bottom of the melting 
pot before putting in the alloy. This mixture strains out the dirt and 
reduces all the oxides except that of tin. 

In the refining of scrap metal, if it is desired to lower the Cu con- 
tent, introduce S and skim off the CuS. To lower the Al content use 
litharge and skim off the alumina. Zn can be volatilized. Fluxes for 
reclaiming Sn are given. 

The author gives tables of mechanical properties and melting points 
of some antifriction alloys, a table of friction tests on two Pb base 
alloys, and a table of properties of Pb base alloy both at room tem- 
perature and at 200° F. (93° G.) after successive remeltings. 


163. The Manufacture of White Metal for Friction Bearings. 
Anonymous (Foreign Exchange), Metal Ind. (N. Y.), 17:74 
(1919). 

An invention relates to the manufacture of lead base white metals 
containing small amounts of Sb, Cu, and Sn together with a certain 
amount of Si, which may to a certain extent serve as a substitute for 
Sn and Sb. The limits of Brinell hardness number are 24-35. 

It is already known that Cu overcomes the tendency to segregation 
although rendering alloys somewhat brittle. The addition of Si obvi- 
ates this defect even if the Cu is in excess of the usual proportions. 
Also the solidification temperature is lowered, the Cu is longer in 
contact with the molten mass, allowing the Sb to absorb more of it. 
The eutectic, consequently, is much denser and the tenacity is in- 
creased. 

By adding 4-6 parts by weight of a 30 per cent Si-Cu to an auxiliary 
alloy “HI” containing 56-62 parts Sb and 40-32 parts Cu, the melting 
point of the alloy “TH” may be reduced. 

The white metal itself is produced by fusing 76 parts Pb and 24 
parts of alloy “V” which is made by fusing 15-85 per cent “H” together 
with equal parts Sn and Sb to make 100 per cent, The Pb content may 
be varied to vary the hardness. The practical limits are 15-35 per cent 
of “V”. The purpose of “H” is to raise the temperature of solidifica- 
tion of “y”. 

From the final alloy the Sn-Sb cubes erystallige out at 820° C. 
against 350°-380° for alloys containing no Si. The alloy is also more 
dense and uniform than those without Si, 
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164, Selection and Use of Babbitt Metal. L. D. Allen, Machinery, 
29;211-213 (1922). 

There ig more to making a good bearing metal than simply mixing 
certain percentages of constituents. Some alloys are perfect at high 
temperatures but segregate at low temperatures. Fluxes are often used 
which are not apparent on analysis, hence certain “secret” methods, 
The author’s long experience leads him to recommend virgin metals in 
manufacture. A babbitt should not be selected by analysis and cost 
alone. He gives practical advice on melting and pouring for liners, 
emphasizing the importance of pouring at low temperatures. The 
lower the temperature the denser the structure. For high pressure bear- 
ings Allen advises slow immersion in water immediately after solidi- 
fication. 

If a high grade tin base genuine babbitt is poured too hot or against 
an overheated mandrel or shell, minute cracks will form in the liner 
which will gradually become larger under shaft vibration—allowing 
the lubricant to work between the liner and the backing. 

Due to the low thermal conductivity of oil the film thus formed 
prevents conduction of the heat from the liner, which may be heated 
to the point of fusion. 

If a moderate priced lead base alloy is cast when overheated, it 
will be coarse and brittle. 

The difference in expansibility between iron or stcel and babbitt 
causes a condition of stress in the solidifying metal, sometimes great 
enough to cause loose liners. Use as low a pouring temperature as 
possible. 


165. Melting White Bearing Alloys. “Celsian”, Foundry Trade J., 
31:165 (1925). 

White metals are prepared most economically by metal refiners 
from different varieties of scrap. Fluxes are seldom added to virgin 
metals but they are protected from oxidation by a layer of grease or 
cheap oil. Zine chloride is sometimes used to clean off oxide but its 
use is not recommended as some Zn may combine with the alloy. 
Metallic sodium is also used but it impairs the toughness and hardness 
of the alloy. 

In making an alloy from new metals, Pb is melted first, then the 
Sb or Pb-Sb alloy, then part of the Sn, and finally the remainder to- 
gether with Cu or a Cu-Sn-(Sb) alloy. Sn-Pb-Sb alloys should be 
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poured at as low a temperature as possible, but not too low when Cu 
is present or some of it will be removed when skimming. 

When melting white metals from skimmings, borings, etc., use a 
flux of 30 parts potassium ferrocyanide, 20 parts soda ash, 10 parts 
borax added a little at a time to the waste. 

Nickel is usually introduced ag nickel~tin when the alloy has 
reached a fairly high temperature. ` 

Alloys for ship propeller bearings sometimes contain several per 
cent mercury, with the view of resisting corrosion, but the cast is high. 


166. Electric Furnace Refractories. A. F. Greaves-Walker, Chem. 
& Met. Eng., 23:933-936 (1920). 
Magnesite linings as low as possible in silica are recommended for 
electric furnaces used for melting bearing metals (Cu, Sn, Pb, Sb), 
especially those having a high lead content. 


For bronzes, a silica lining is preferable but magnesite can be used 
if not too much zine is present in the alloy. 


167. Bearing Metals and Alloys Made by Compressing the Con- 
stituents. W. Guertler, Metallurgie, 7:264-268 (1910). 

The author refers to the work of Friedrich, who added foreign 
constituents to alloys when they were in a pasty condition. Guertler 
has produced bearing metals directly from a mixture of the powdered 
constituents. His plan is to use lead with perhaps a small amount of 
hardening constituent as the matrix of the bearing inetal, and a cheap 
hard metal as iron, steel or cast iron for the hard, load carrying par- 
ticles. These constituents cannot be alloyed by melting together, as a 
system of two liquid phases results. Segregation cannot be prevented 
even by the most violent stirring. 

Guertler produced a mixed powder of iron and lead either by pre- 
cipitating lead out of dilute solution onto iron filings, or by mixing 
iron filings with fine lead-tree crystals. The powder was heated to over 
250°-300° C. and pressed into molds. Complicated shapes could be 
produced in this way. 


168. On the Electrolytic Production of Calcium Alloys and 
Calcium. W. Moldenhauer and J. Anderson, 4. Elektrochem., 
19:444-447 (1913). 


The authors prepared Ca, and Ca-K, Ca-Zn, and Ca-Pb alloys by 
electrolysis of fused salts. 
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For an equilibrium diagram of the system Pb-Ca they refer to 
the work of Donski, who, however, could not obtain alloys containing 
over 12 per cent Ca by melting the constituents together. The maxi- 
mum melting point obtained was 650° C.*"" 

A CaCk, 85 per cent; KCl, 15 per cent mixture was clectrolyzed 
and alloys free from K were obtained, containing 5.8 per cent and 
10.2 per cent Ca, with current efficiencies of 39 per cent and 33 per cent 
respectively, which was worse than for electrolysis yielding Ca-Zn, 

With a CaCl, 40 per cent; KCl, 60 per cent mixture at 740° C. the 
same trouble was experienced as with Ca-Zn, ze, small drops of Ca 
rose to the surface and burned up. Finally a system consisting of two 
liquid phases was obtained with 3.4 per cent Ca in one phase and 81.8 
per cent Ca in the other, the current efficiency being 22 per cent on 
the average. Neither layer was free from K, the lead rich one contain- 
ing about 0.95 per cent. 


1684. The Co-Deposition of Copper and Graphite. ©. G. Fink 
and J. D. Prince, Trans. Am. Electrochem. Soc., 54:315-321 
(1928). (Part of thesis submitted by J. D. Prince toward a 
degree in chemical engineering at Columbia University.) 

This paper gives the results of attempts to make a self-lubricating 
bearing metal by the codeposition of graphite and copper, it being 
thought that a more homogeneous product might be obtained this way 
than by the usual method of compression at a high temperature. Also 
the material might be plated directly on to the journal. 

Graphite was used in the form of Aquadag, which consists of a 
suspension of finely divided graphite in an ammoniacal solution, 
which is stabilized with tannin. If Aquadag is electrolyzed the graphite 
particles migrate to the anode, but if sulfuric acid is added they 
migrate to the cathode. Codcposition of graphite and copper was 
secured by adding Aquadag to a copper sulfate solution, which was 
acidified with sulfuric acid. The introduction of additional stabilizer 
in the form of gelatin was found to be necessary, as the amount of 
tannin in the Aquadag was insufficient to protect the colloidal particles 
of graphite under these conditions. About one gram of gelatin per 
liter was necessary. ' . 

The adherence of the deposit was unaffected by the concentration 
of graphite, but was affected by the acid concentration, the best acid 
concentration being between 100 and 200 grams per liter, Increasing 
the graphite concentration above 13.1 grams per liter apparently did 
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not increase the amount deposited. All deposits were brittle as laid 
down but the brittleness could be removed by annealing at red heat 
for several hours. 

Some trials were made at 55° C., and at this temperature the gela- 
tin appeared to be detrimental to the deposit. 

The method is entirely feasible and as much as 16 per cent graphite 
(42 per cent by volume) may be deposited in this way. No bearing 
tests were made. 


169. The Uselessness of Phosphorus in Lead-Base Alloys, Anony- 
mous, Brass World, 7:159 (1911). 

The fact that P has been used to good advantage in bronze and in 
liquefying thick tin alloys has led manufacturers to try it on Pb base 
white metals. It causes no apparent beneficial change, however. 
Arsenic, chemically similar to it, is frequently used as a deoxidizer. 
The separate addition of As is rarely necessary because it occurs in 
most antimonial leads. 


170. Research on Occluded Gases Contained in Alloys of Copper. 
G. Guillemin and B. Delachanal, Rev., Mét., 8:1-6 (1911). 

The authors applied the technique they had developed for the 
determinations of gases in þrass, to such determinations in other 
samples of brasses, bronzes and tin. In regard to the bronzes they 
conclude: 

Phosphor bronze contains little occluded gas, that present being 
carbon dioxide or hydrogen. Phosphorus thus appears to diminish the 
solubility of hydrogen in the metal, as has been found in the case of 
cast iron and steel. 

The tin of commerce appears to contain a small amount of gas 
consisting of hydrogen and the monoxide and dioxide of carbon. 

The metals studied, when free from blow-holes and dross, did not 
“spit” like solidifying silver, cast iron or steel. 7 

Gas cau be extracted only by heating the metals up to their melting 
point in vacuo, or at least in a rarefied atmosphere. 


171. Gas Absorption and Oxidation of Non-Ferrous Metals. 
B. Woyski and J. W. Boeck, Trans. Am. Inst. Mining Met. Eng., 
68:861-872 (1923). 

Oxidation may be overcome by the use of deoxidizers or avoided 
by protecting the molten metal with a flux. The absorption of gases is 
more difficult to overcome. 
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Gassing may be due to superheating. If for any reason the metal 
has to be kept in the furnace after it is ready for pouring, the operator 
may try to avoid overheating by keeping a mild fire, but this is un- 
fortunately a reducing one which resuits in gassing the metal. A dirty, 
slaggy furnace may result in gassing, duc to the long time of heating 
necessary in the uncertain atmosphere. Sulfur in the metal may pro- 
duce gas holes as a result of its action with the oceluded oxides. 
Newly-lined or damp ladles may cause gassing. The most important 
source of gassing, however, is the furnace atmosphere. The burners 
should allow complete mixing of air and fuel before they reach the 
furnace. Oxidation and gassing may be remedied by proper furnace 
practice. Gassed metal may be restored in a relatively hot and oxi- 
dizing furnace. 

Bronzes are liable to be gassed in a reducing atmosphere. Tin sweat 
is due to the liberation of the gas absorbed and occurs most frequently 
iu the riser. 

In the case of aluminum bronzes, alumina forms while pouring if 
there is any agitation. A negligible amount of alinina is formed on 
melting, but it rises to the surface. The use of deoxidizers is common, 
but probably because they act as degasifiers. Al bronze is less subject 
to gassing than pure copper. Al does remove the gases absorbed by 
the Cu. The gases are probably hydrocarbons or carbon monoxide. 
The atmosphere should be oxidizing. 

Two small pots of the alloy Cu, 90; Pb, 10 were melted side by side 
and the metal badly oxidized, the oxide was mixed in by stirring. One 
pot was then fluxed and both let cool slowly in the furnace. The fluxed 
meta] did not show a trace of oxide, but the other produced a red 
powder, consisting of CuO, 66; PbO, 33; SiO,, 1.7. This was not very 
evident from the microscopical examination as the red powder occurred 
in pellets covered by a gray skin, which at first were taken for particles 
of lead. The oxide was evident, hawever, on machining, 

Tn bronzes the tin oxide floats to the surface in the form of crystals, 
Theoretically this oxide cannot exist in the presence of zine, but in 
practice it sometimes does oceur with zinc. 


Discussion. R. J. Anderson stated that a reducing atmosphere is 
the orthodox practice for non-ferrous alloys. Proof should be given 
that badly oxidized or gassed metal can be restored as the authors say. 
He pointed out that atmospheres are called oxidizing or reducing, 
though no actual analyses are given. 
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B. Woyski replied that the character of the atmosphere was judged 
solely by the color of the flame as the analyses varied widely in the 
different parts of the furnace. 

H. M. St. John and V. Skillman took exception to melting alloys 
of copper in an oxidizing atmosphere. 

B. Wayski replied that a neutral atmosphere was most desirable 
but difficult to maintain. Their atmospheres were only slightly oxi- 
dizing, The metal was always covered with flux. He said that most 
foundries used the oxidizing flame because it caused faster melting. 


172, Production of Large Bushings. Ch. Vickers, Foundry, 51:363- 
366 (1923). 2 Figures. 


Two types of porosity exist: visible, caused by gases existing in 
the solidifying metal or having their source in the mold; and the 
invisible, intercrystalline kind. Some explain the latter kind by an 
expansion of the individual crystals followed by contraction. This 
explanation does not seem adequate as this type of porosity is pro- 
fouudly changed by the metlod of gating, some methods producing 
good, others worthless, castings for holding liquid or gas pressure. 
The author explains this porosity as due to the eutectic draining to 
the lower part of the casting after the rest of the metal has solidified. 
Accordingly this could be prevented by gating so that there is always 
a head of liquid metal in a position to fill any cavities arising in this 
manner. This has been done by Parry. It also explains why risers 
function to build sound castings and why chills are valuable. 

A top pouring of bushings in the horizontal position would require 
a large reservoir of liquid metal on top. If the mold were inclined this 
reservoir would not need to be so large, but the metal would still be 
liable to spatter against the core and include air. The author advocates 
gating at the lower end of the inclined mold. An adequate riser must 
be provided, and the head of metal must be sufficient to force the 
gases out of the mold. The core must be well vented. The metal must 
be poured hot. Details of molding are given. 


173. White Brass Bearing Metals as a Substitute for High Grade 
Babbitt Metal. L. D. Staplin, Am. Machinist, 49:479 (1918). 
The author advocates the substitution of high tin babbitts by white 
brass containing not over 70 per cent Sn in order to conserve tin. It 
is an excellent bearing metal when properly cast and costs considerably 
less than the best babbitt. , 
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Use a clean ladle or crucible, heat slowly and sprinkle with sal- 
ammoniac before the metal is completely melted. (The right amount 
is judged by the appearance of a black spot about 1 in. diam. in the 
center of the ladle.) Do not let the metal become red-hot. It melts at 
750° F. (400° C.). It is necessary to preheat both mandrel and box. 
Important work should be peened. 

Lubrication of white brass liners should be liberal and the bearing 
well aligned. If the bearing heats at first do not use water but keep 
well lubricated, even adding graphite to the oil. It will eventually 
seat itself and cool down. 


174. Technology of Bearing Metals. H. Miiller, Verkehrstechn., 
1927, p. 858. (Abstract by Praygode.) 

Former rule of thumb methods in casting and lining bearings have 
given place to scientifically controlled operations in which pouring 
temperatures and temperatures of bearings, backs and molds are 
measured and brought to desired values before casting. To reduce to 
a minimum any difference in shrinkage of back and lining, the former 
should be heated to a high temperature, but its design should be such 
that it cools as nearly as possible at the same rate as the lining. 
Quite different pouring and mold temperatures are needed for the 
different Reichsbahn standard bearing metals. 


175. The Applications of Die Castings in Aircraft. C. Pack, 
Aviation, 4:298-299 (1918). 

The author deseribes the processes of die casting. The minimum 
quantity which can be made economically depends on the amount 
of machining saved. The author’s experience is that die casting is not 
practical in less than 1000 lots. He gives the compositions of the 
bronzes and the bearing linings used in this process: 

Bronze backs: Cu 85, Zn 5, Sn 5, Pb 5; Cu 84, Pb 9, Sn 5, Zn 2; 
Cu 89, Sn 10,P1; Cu 80, Sn 10, Pb 10; Cu 82, Pb 15, Sn 3, 

Linings: Sn 90, Sb 5.5, Cu 4.5; Sn 89, Sb 7.5, Cu 3.5; Sn 89, Sb 7, 
Cu 3; Sn 84, Sb 9,8n 7; Sn 90, Cu 10. 

The method of joining the lining to the back is criticized. It has 
long been recognized by engineers that anchoring with undercuts is 
not dependable. In the author’s opinion the use of both undercuts and 
soldering on the same job is poor practice and a waste of time. Any 
mechanical anchoring is useless if the solder melts. The lining should 
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hold all over, up to the melting point of the solder. Mechanical anchor- 
ing has proved a failure in auto and aero work. 

The author criticizes “ringing” tests in that they detect, only some 
of the poorly bonded linings. The only test he knows of is to break the 
bearing to pieces and try to separate the lining from back. A thin 
lining of comparatively soft babbitt makes the best bearing. Hard 
linings have caused serious trouble. 


176. Babbitting Large Bearings by Centrifugal Machine. F. C. 
Hudson, Am. Machinist, 59:150 (1928). 

To secure dense babbitt linings the General Electric Company has 
built a centrifugal babbitt casting machine for bearings 12 in. di- 
ameter, The bearing shell is first heated to near the melting point of 
the babbitt, while this is heated slightly higher than is the usual 
practice. The machine is run at a peripheral speed of 1200 ft. per min. 
It takes about 3 hours to complete the babbitting of a 12 in. bearing. 
The actual running time of the machine is only 5-7 min. Babbitt 
linings thus cast have uniform density and do not require peening. 


177. Casting Bushings. J. L. Jones, Metal Ind. (N. Y.), 15:82 
(1917). 


In answer to a query regarding the best way to cast bushings for 
auto and high speed work, Jones replies that sand castings are liable 
to be porous and dirty with sand, also cool too slowly, giving too 
coarse a grain. The best way is to use so-called “stack sticks”, te. 
chill cast rods 2-3 ft. long of the proper diameter. These rods when 
drilled out make excellent close-grained bearings. The large amount of 
turnings produced can be used over again. 


178. Making Thin Linings. J. L. Jones, Metal Ind. (N. Y.), 17:232 
(1919). 

In answer to a query regarding the manufacture of thin linings for 
which Lumen bronze was unsatisfactory, being too brittle, Jones 
replies that Sampson metal (Zn, 88; Cu, 4; Al, 8) is somewhat softer 
and tougher than Lumen metal (Zn, 100; Cu, 5-20; Al, 2-10), though 
he doubts very much if Zn base alloys are tough enough to suit the 
requirements. 

Tt is customary for manufacturers requiring thin linings of genuine 
babbitt to roll the same into thin sheets, press into tinned bronze backs 
and heat to solder in place. 
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He suggests that heavy, rolled sheet zinc might be suitable. Shells 
might be pressed from this and given a thin lining of babbitt. 


179. Babbitting without Tinning. W. J. Reardon, Metal Ind. 
(N. Y.), 18:283 (1920). 


In answer to query regarding the babbitting of die-cast connecting 
rod bearings without tinning, Reardon replies that the following is 
the practice with some manufacturers. The shell should be hot and 
clean, but no acid should be used. Some do not even machine the shell 
but babbitt after dipping successively in aqua fortis, sulfuric acid, cold 
water, and hot water. This is a good job if properly done and the 
babbitt is not overheated. However, tinning cannot be beaten for a 
sure job. 


180. Separation of White Metal and Gun Metal Borings. R. H. 
Walton and G. T. Bailey, J. Soc. Chem. Ind., 34:943-945 (1915) 


This paper deals with the prablem of separating white metal and 
gun metal borings arising in the locomotive shops in New South Wales. 
Liquation on an iron plate or in a furnace is possible only in the case 
of coarse borings. The borings cannot be smelted straight and used 
for castings on account of the high Sb content (0.6 per cent). 

The procedure is as follows: The borings are shaken on a quarter 
inch sieve and the coarser part is separated by liquation. The fines 
are taken to a magnetic separator and from there to classifiers where 
they are separated into three grades. The two coarser classes are 
taken to furnaces consisting of two concentric iron pipes. The inner 
pipe rotates and is heated externally by a gas burner. The metal 
passes onto a revolving screen in the inner tube, which has a mesh 
smaller than that of the last classifier. The liquid white metal passes 
through the screen into the inner iron pipe, collects at the bottom 
thereof and is run off into molds. The borings pass on to the foundry. 
The finest class is small, probably will have to be smelted, and the 
bulk of the Sb removed by oxidation. 


181. Method of Separating Bronze and White Metal Borings and 
Turnings. G. Frederick, Metal Ind. (London), 9:71 (1916). 


Separation of bronze and white metal may proceed by two different 
methods: (1) by difference in specific gravity and (2) by difference 
in melting point. The difference in gravity is generally small so the 
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second method is usually followed. The author criticizes the use of 
classifying sereens as these would be continually getting blocked by 
such shaped particles as turnings. 

He suggests a system whereby turnings and borings are spread on 
the surface of a corrugated iron plate which forms the top of a furnace, 
and slopes downward in the direction of the corrugations. The slope 
is not steep enough for the particles to roll down. The white metal 
melts and runs down the channels. The disadvantage is that the gun 
metal oxidizes somewhat. 

Another process for small shops is to hand-piek out the larger 
pieces, place in a crucible, heat not much over the melting point of 
the white metal, skim off the bronze with a perforated ladle. Such 
bronze can be used in the preparation of any Cu-Sn alloy and the 
white metal for bearings of lesser importance, because it is poor in 
Sn and Sb. 


182, The Recovery of White Metals from Drosses, A. Bregman, 
Metal Ind. (N. Y.), 14:108-106 (1916). 

The different types of drosses, viz., solder, tin, lead, hard (Pb- 
Sn-8b) and babbitt drosses may usually be distinguished by an 
experienced person. Operations of dross recovery in a reverberatory 
furnace are: , 

Smelting: (1) Blowing in: Fire up to as high a temperature as 
possible, shovel in the charge, let it smelt an hour or two, stir with a 
hoe after it has melted and close the charge door, Fluxes may be used, 
such as sodium bisulfate, serap iron, and coal dust, the latter rather 
sparingly. (2) Tapping: Drive out the tapping bar and keep the metal 
flowing through the hole with red to white hot running bars and rake 
out the material left in the furnace. The metal is cast for further 
refining and the matte and slag treated in the blast smelter to recover 
Cu and Pb together or they may be recovered separately. 

Sweating: (3) Pigs are charged into thé furnace just hot enough 
to melt the Ph, leaving the tap hole open. The metal trickles out into 
the kettle, the slag is raked out and remelted with the other dross. 

The author gives a discussion of the mechanical ‘and metallurgical 
difficulties. Too thick a slag can be remedied by the use of a sodium 
bisulfate or scrap iron flux. Too much oxide left in furnace can be 
remedied by the use of fine coal. A list of the necessary equipment is 
given. 
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183. The Treatment of Metal Residues and Scrap. 1. Treating 
White Metal Residues in the Melting Pot. A.—The De- 
sign, Building, Care and Firing of Melting Pots. E. T. 
Richarz (E. R. Thews), Metal Ind. (London), 27:161-164 
(1925). 6 Figures. l 

Melting pot furnaces are easily and quickly built. Compared with 

reverberatory furnaces they are extremely cheap, occupy little space 

and do not require trained and skilled operators. Their heating and 
- working efficiencies compare well with those of reverberatory furnaces 
and the loss of metal by fuming is insignificant. 

Material Used for Melting Pots. The material of melting pots 
must withstand heavy stresses and strong chemical action. The 
commonly used material is gray east iron. The best gray iron for this 
purpose is perhaps Fe; total C, 3 per cent; combined C, 0.3-0.7 per 
cent; Mn, 2 per cent; Si, 2 per cent; 8 and P, as small as possible. 
Gray iron pots are suitable for small quantities of metal, but for large 
lots steel should be used. Under similar conditions, stcel will last 
three times as long as gray iron even with two-thirds the wat thick- 
ness. The difference in cost is slight. With gray iron pots 45 to 60 
charges of lead can be melted, with steel pots at least 100 to 125 
charges with reasonable treatment before showing signs of weakening. 
Best results are obtained with steel containing 2 per cent manganese 
or chromium. 

Shapes of Melting Pots. The hemispherical type of melting pot 
is commonly used. Most melting pots are too flat, causing too great 
a surface of metal to be exposed to the air, with consequent oxidation 
and lowered efficiency. The depth of a melting pot should be 6 to 10 
inches greater than the radius. The thickness should gradually become 
greater toward the bottom. Good dimensions for a 8.5 ton lead pot 
are: diameter = 40 inches, depth == 26 inches, thickness = 1 inch at 
rim and 1.5 inch at center of bottom, rim width = 4 inches. 

It is uneconomical to.refine lead in lots of less than 7 or § tons, 
Pots to contain this much lead should have a supporting ring half 
way up. 

Lead may be refined by gravity liquation from a pot with an 
outlet in the bottom, but this is not usual on account of the high 
temperature required. Zinc may be refined by liquation in a dcep 
pot, which allows the under layer to lic undisturbed while the upper 
is being treated. This type of pot should have a depth 15 inches greater 
than the radius. 
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A liquation pan for refining white metals, particularly those rich 
in tin, also serap, dross, rich ashes, ete., consists of two strong gray 
iron plates inclining into an iron trough. The material to be liquated 
is placed on the plates, which are heated from below and the molten 
metal runs down into the trough and out of this into a small iron or 
fireclay ladle. 

Melting Pot Hood. The hood should be large enough to take up a 
certain amount of fumes before charging them into the flue. The flue 
should be wide enough to take care of all the fumes and steam gen- 
erated. The inside diameter of the hood should conform to that of 
the pot. The flue should be telescopic to permit raising and lowering 
and is usually made of one-tenth inch sheet iron. 

Building-in the Melting Pot. For efficiency, the products of com- 
bustion must be led once or twice around the pot. The channels must 
be large enough for the free passage of the gases. To prevent burning 
the bottom, this should be at least 12 inches above the grate. If gas 
fuel is used the tip of the flame should not reach the melting pot. No 
forced draught or secondary air should be used. The rim of the pot 
should be about 25 inches above the floor. 

Treatment and Care of Melting Pots. The life of melting pots 
depends primarily on the care usec in melting operations. (1) The 
empty pots should never be exposed to high temperatures. The fire 
should be small to start with and gradually built up as the pot is 
filled with metal. (2) Large amounts of metal should never be allowed 
‘to freeze in the pot. When the eutectic freezes it fills up ail spaces 
between the metal and walls of the pot, making an absolutely tight fit 
of the hard block of metal in the pot. On reheating, the lower portion 
of the metal will melt, expand and thus give rise to dangerous stresses, 
(8) Highly heated metal streams should never bear down on the 
‘unprotected bottom of the pot. If there is not enough metal in the pot, 
a large piece of sheet iron should be placed in the pot to take the first 
blow of the stream. (4) Heavy slabs or bars should never be thrown 
in the pot from full height, they should be let slide down the sides. 
(5) The pot should be cleaned as often as possible with a strong stecl 
brush, and then washed with a thick emulsion of lime to protect 
against corrosive action. (6) The most exposed parts of a melting 
pot are: (a) the point where the draught directs the flames against 
the front section of the bottom or where the gas flame tip touches it; 
and (b) the place where the fire gases enter the connecting flue leading 
to the flue channel encircling the pot. To prevent burning through at 
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these places, the pot should be turned part way around at least once 
a week, , 

Fuel. The most harmless fuel is lignite, but it has the disadvan- 
tage of low calorific value and burns down too quickly due to its 
structure. Unless strong and hard it should be briquetted to avoid loss 
by dusting and by falling through the gatc. Long flame channel coal 
is undoubtedly the best for heating melting pots. It gives a soft and 
even flame and is free from the disadvantages peculiar to lignite. 
Short flame furnace coal may also be used, but its flame is slightly 
cutting, though it will not harm a good melting pot. Coke is not con- 
ducive to long life of pots but is much used on account of its long 
combustion period. Oil should never be burned under iron melting 
pots because of the impossibility of regulating to produce a soft flame 
without killing it or wasting fuel. Coal gas is unobjeetionable if 
the flame does not touch the pot. To soften the flame, less primary air 
than necessary to burn all the gas should be used, air entcring through 
the furnace door completing the combustion. 


184. The Treatment of Metal Residues and Scrap. 1. Treating 
White Metal Residues in the Melting Pot. B.—The Pro- 
duction of White Metal Alloys, Zinc and Lead, E, R. Thews, 
Metal Ind. (London), 27:307-310 (1925). 


The recovery of metals from residues, scrap, etc., may be divided 
into two main branches: (1) Smelting of ashes, dross, etc., which 
necessitates the use of a reverberatory or blast furnace. (2) Remelt- 
ing purification of alloys and residual metals, cuttings, scrap, etc., 
which can usually be done in steel melting pots. 

Smelting of lead ashes has been dealt, with in another paper. 
The present paper-is concerned with the treatment of metallic scrap 
and the products of the smelting treatment. 

Pure virgin metals are rarely used for alloying white metals. The 
alloy scrap used in their manufacture is rarely pure enough to be used 
directly. The price of serap varies with the content of impurities, so 
that within certain limits, the most impure scrap may be the most 
economical to use. In most cases the impurities can be worked into 
some paying alloy. 

Preliminary Reverberatory Furnace Treatment. The impurities 
in white metal scrap having the major constituents lead, tin, and 
antimony are copper, zinc, iron, arsenic, and sulfur, Small amounts 
of these clements may be removed in the melting pot, but larger 
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amounts require the reverberatory furnace. Copper cannot be removed 
in the melting pot, sulfur very poorly, removal of zinc is theoretically 
possible but is economical only if less than 0.1-0.2 per cent is present, 
the elimination of iron in the melting pot is always possible. 

The ideal furnace for eliminating copper has a comparatively deep 
hearth, that for zinc, a wide and shallow one, but as these impurities 
usually occur together, a compromise must be made, a furnace with 
a hearth depth of about 10 inches being suitable for both metals. 

The alloy is charged into the furnace, melted, and raised to red 
heat as soon as possible. Zine shows its presence by a blue flame when 
the metal is stirred up. In order to prevent oxidation of the other 
components, the metal should be puddled steadily and sharply until 
the blue flames cease. The metal is then cooled, first by putting out 
the fire and admitting an air blast, and then, after the temperature 
has fallen to 500° F., by shutting off the air and cooling normally. A 
crust, which contains practically all the copper, now forms on the 
metal, 

The High Copper Crust. The liquid white metal is tapped from 
under the crust and the latter “dried” by reheating slowly to set free 
much of the softer metal trapped therein. This soft metal, however, 
contains much copper and must be added to the next charge. These 
crusts are accumulated and liquated again, the hard portion obtained 
this time containing about 40-50 per cent copper, very much anti- 
mony, and some tin. The lead is not over 3-4 per cent usually, and 
may be used for making low-lead bearing alloys. 

Melting Pot Treatment—Steaming. The white metal is now free 
from zine and iron, and contains a little copper. Further treatment 
takes place in the melting pot. 

To produce good fine-grained type-metal, the alloy must be steamed 
in the pot. This may be done by admitting water under a head of 
45 ft. a few drops at a time from a pipe running to the bottom of the 
pot. The alloy is steamed for about 10 minutes and then poured into 
molds. Cold water is then poured over the molds to produce the fine- 
grained structure desired. 

Further Treatment —Fluxes and Alloying. If the fracture is not 
fine-grained enough, even after 5 minutes additional steaming, satis- 
factory results may be obtained by throwing in a few sticks of sulfur 
and stirring the bath vigorously with a green pole. After skimming 
off dross and slag, the pot is steamed for 1 min, and then air blown 
in for 8 min, The alloy may also be cleaned with hydrochloric acid, 
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which soon ruins the flue, or with ammonium chloride, which is 
harmless, 

Tests for the Presence of Zinc. The works test for zine consists in 
pouring a sample into a deep mold and dragging a card over the sur- 
face. The amount of skin immediately formed increases with the zinc 
content; traces of skin, however, may be formed by copper. Judg- 
ment of zinc by skins hanging from the lip of the ladle is not reliable 
as copper here gives the same effect as zinc. 

A reliable method is the following one, To a small sample add an 
equal amount of antimony, stir with a wooden stick and pour, Copper 
without zine is indicated by a yellowish coloration of the solidified 
surface but if zinc is also present, the surface is shining white. 

Making Solder Alloys. For solder containing less than 50 por 
cent tin, virgin metals are unnecessary, as bearing metal scrap may 
be converted into “tin alloy” containing 55-58 per cent tin, less than 
3 per cent antimony, less than 0.2 per cent copper and no zine (Abs. 
186). Directions are given for casting solder sticks and for making a 
powdered tin alloy. 

Making a High Copper White Metal. In making antifrietion 
alloys containing Sn, 75-85; Sb, 10-15; Cu, 4-10 the copper must be 
added in the form of a tin-copper or antimony-copper alloy containing 
about 25-30 per cent copper. The alloy is made bhy melting the re- 
quired amount of copper in a crucible furnace, adding antimony or 
tin and pouring the mixture into the liquid white metal while stirring 
vigorously. If the hard alloy described above, obtained in purifying 
white metals does not contain over 4 per cent lead it may be used 
after reducing its melting point by addition of tin or antimony. 

The Production of Remelied Zinc. The remelting of zine is de- 
scribed and precautions are given for reducing to a minimum, the 
amount of iron absorbed from the walls of the melting pot. Steel pots 
containing 2 per cent manganese last twice as tong as those of cast 
iron. Iron may be removed by sulfur. 

Refining Scrap Lead. While lead refining is really the sphere of 
the reverberatory furnace it is possible to do it economically in the 
melting pot. The field for the melting pot, however, is narrow, very 
impure or high-tin scrap cannot be refined in this way. The scrap 
should not contain over 3 per cent antimony and 0.25-0.75 per cent 
tin, The refining should be done in lots of at least 8-10 tons. The metal 
is brought to a red heat and then steam and air blown in. Details of 
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the process and directions for sampling are given, also treatment of 
the antimony slag obtained in the process. 


185. The Treatment of Metal Residues and Scrap. 2. The Treat- 
ment of Tin Residues. E. R. Thews, Metal Ind. (London), 
27:453-455 (1925). 1 Figure. - 

The reverberatory furnace is replacing the blast furnace for the 
treatment of tin residues (ashes, slags, ete.) and chemical and electro- 
chemical extractions are also being applied. 

The disadvantages of the blast furnace are: the large loss of tin 
(15-20 per cent); the product contains more iron than tin; the 
powdery material, if in large amounts, must be slagged or briquetted; 
sharcoal must be used, as coke produces brittleness. The blast furnace 
gives good separation of lead, copper, antimony, and tungsten, but 
with intelligent handling, equal results may be obtained with the 
reverberatory furnace, even using very impure raw materials. 

Construction of the Reverberatory Furnace. The construction af 
reverberatory tin furnaces is described. A cellar should be built 
underneath, for tin at high temperatures tends to go through the finest 
joints. The working door should be as near as possible to the entrance 
flue. The author advises an iron working door with two holes which 

serve both for the attachment of a lifting fork and for observation of 

the furnace interior. Two firing doors should be provided. The ash-pit 
should hold about 5 inches of water. The steam generated in the ash- 
pit will help to cool the lower side of the grate and the hydrogen 
formed by dissociation of the water will burn above the fire and 
increase the heat of the furnace. 

A small melting pot is placed under the tap hole of the furnace. 
After this is filled with metal, a steel hook is inserted, and when the 
metal solidifies it is lifted out by the hook and transferred to a larger 
pot, for refining. 

Treatment of Dross, Skimming, Etc. Residues containing more 
or less of metal are first treated in melting pots or liquating furnaces 
in order to extract as much metal as possible. If they contain much 
sulfur, arsenic, iron, copper, or antimony they are subjected to com- 
bined liquating and roasting on the inclined hearth of a reverberatory 
furnace. The heat is raised until a powdery residue remains which 
is added to tin ores or ashes, Residues rich in iron should be smelted 
with siliceous materials to remove iron, which combines with the silica 
and is slagged. 
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Preparing the Ashes for Treatment. Residual tin ashes usually 
consist of the oxides of tin together with a small amount of metal and 
impurities, The addition of a slagging material is rarely practiced. 
The use of sodium carbonate is not to be recommended at all. Except 
for producing a somewhat more liquid slag it does nothing but corrode 
the furnace lining. If much iron is present it is slagged by adding 
siliceous materials, preferably tin ores. 

The ashes are mixed with 12-20 per cent of finely ground anthra- 
cite, moistened and charged into the furnace to a depth of about 4 to 
6 inches. 

Working the Furnace. The working doors are closed and luted 
and the temperature raised to about 2000° I’. for about one hour, then 
rabbled thoroughly, spread out and heated another half hour, cte. 
The metallic tin should not be stirred up any more than necessary. 
Before rabbling, two or three shovels full of ground anthracite are 
spread over the charge to make up for the carbon oxidized. The fur- 
nace atmosphere must be reducing throughout the process. The tap 
hole should be closed except when drawing off the metal. The average 
time of treatment is 3 to 4 hours. 

Usually no trouble at all is experienced with tin ashes of ordinary 
purity if the temperature is kept high enough. If the slag is very 
tough, a little fluorspar will soften it. The slag retains a relatively 
large amount of tin and tin compounds. It is accumulated and liquated, 
ground anthracite is added to the residue to reduce the remaining 
metallic compounds. 

“Tin Ashes” from Lead Refining. These rarely contain more than 
3 to 6 per cent tin, If tin is to be extracted with the lead, comparatively 
high temperatures must be used with a consequent large loss of lead 
by fuming. The resulting product is a good base for type metal, ete. 
Better results are obtained by separating the tin from the lead, keep- 
ing the temperatures below 1700° F. with a neutral or lightly oxidizing 
atmosphere. The product is 99.3-99,5 per cent pure lead, while the 
residue contains tin oxide which is reduced together with tin ashes. 

Treatment of Recovered Metal. The tin produced is never pure, 
that from mixed ashes is really an alloy of lead and tin, With tin up 
to 20-25 per cent these alloys may be used for making low-tin alloys 
after freeing from copper, iron and zine, while those containing from 
25-70 or 80 per cent tin are used for making “tin alloy”, a base for 
~ solder. 


Jf the product is mainly tin, it is liquated in a reverberatory fur- 
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nace to remove most of the copper and iron; the lower the liquation 
temperature, the higher is the quality of the product. If the antimony 
and lead contents are to be reduced the metal is brought to red heat 
and puddled under oxidizing conditions. If zinc is present it is removed 
completely at the same time. 

Refining in the Melting Pot. For the final treatment of tin, iron 
or steel melting pots are used. Their depths should be about equal 
to their diameters. The pots are filled to about 8 inches of the rim 
and heated until on removing dross a steel bluc skin forms on the 
surface. The pot is then covered with a perforated iron sheet and the 
metal poled with a fresh wood pole. The metal is stirred up violently 
by the gases evolved and lead, antimony, bismuth, and arsenic are 
oxidized and separated as dross. Sulfur compounds are decomposed 
while the oxides and sub-oxides of the nobler metals are reduced to 
the metallic state. 

After poling, the tin is cooled to about 500-550° F., at which tem- 
perature it remains for about 2 hours in order to permit the settling 
of arsenic, iron and copper which have formed alloys heavier than tin. 

The metal is ladled out, taking care not to stir it up. The lower 
and more viscous impure layer remaining in the pot is again liquated 
and boiled. 

The degree of refining will rarely attain that of virgin tin. Anti- 
mony and lead cannot be entirely eliminated. Further refining is 
possible only by chemical and electrochemical means. 


186. Production of “Tin Alloy” from Bearing Metal Scrap. E. R. 
Thews, Continental Met. & Chem. Eng., 1:134-136 (1926) and 
2:9-11 (1927). [Abstract in Chem, Abstracts, 21:1246 (1927).] 

“The eutectic relationships obtaining in cooling the mixed metal 
serap are described and two processes given whereby the separation of 

a standard tin-lead alloy at 182-184° C, is obtained. The most marked 

breaks in the cooling curve occur at 290-300°, 238-240°, and 182-184°. 

One method of scparation in common use is the employment of a 

rising temperature and the separation of the eliquated alloy in a 

small reverberatory furnace, while the second method operates with 

a falling temperature using 10-ton melting pots. The first crystals 

rise to the top and are skimmed off by means of perforated ladles. 

The density of the alloy separated increases until finally crystals form 

on the sides and on the bottom. At 184-183° C. the rate of crystalliza- 

tion drops rapidly and the liquid melt is removed from the pot, pre- 
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heated hand ladles being used. This metal constitutes the desired 
alloy. An alternative preliminary process whereby most of the copper 
and all of the zinc are removed by heating the scrap metal in 5-15 
ton lots to a temperature of 800-900° and then cooling is described. 
The solid first separating out on top contains the copper and zine. 
The modern reverberatory process includes this process, and the alloy 
of approximate composition Sn, 55; Pb, 40; Sb, 3.5-3.8; Cu, 0.1-0.2 
separates out at 184° C”, 


187. Reclaiming Bearings at the Great Northern Shops. F. W. 
Curtis, Am. Machinist, 65:519-520 (1926). 4 Figures. 

The Great Northern Railroad has developed in its St. Paul shops 
a department for reclaiming bearings, The first step in reclaiming a 
bearing is to melt the worn lining from the brass in a melting furnace. 
The bearings are fed intermittently, two at a time, into the furnace. 
The steel floor of the furnace is perforated so that the molten lining 
metal drops through. The temperature of the furnace is about 650° 
to 750° F. About 15 tons of brasses can be handled in 8 hours. 

The molten lining metal runs out of a spout at one end of the 
furnace into molds on a truck, while the brasses are ejected at the 
other end, where they are inspected while still hot, Rejected brasses 
are remelted and cast into new ones, which are bored and faced in the 
Newton car-brass boring machine, 

Previous to lining, the brasses are preheated, acid-brushed and 
tinned according to standard practice. The brass is then clamped to 
‘a babbitting fixture, and babbitt poured in from a ladle, The arbor 
of the fixture is water cooled. Each operator relines an average of 
180 brasses per 8 hours, including visual inspection. 

The bearing surfaces are finished on a Morton journal bearing 
miller. 


188. Bearing Lubrication as a Basis for the Choice of a Bearing 
Metal. E. Falz, Verkehrstech., 1927, p. 858. (Abstract by 
Przygode.) 

The author classifies states of lubrication as dry, semi-dry, liquid 
and semi-liquid. The first two states are rather rare in actual practice. 
In starting rolling stock, the semi-dry state obtains at first but soon 
changes to the liquid one. Longitudinal grooves may prevent complete 
liquid lubrication. Imperfections in the surfaces of journals and bear- 
ings may have the same effect, To reduce friction, bearings are some- 
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times run-in using graphite lubrication, but careful fitting of the 
surfaces and the use of high-grade bearing materials with low 
coefficient of friction is to be preferred. 


189. Non-Adjustable Cast Iron Bearings. W. M. Byorkman, Am. 
Machimst, 34:203-204 (1911). 

The superiority of cast iron as a material for bearings is generally 
accepted, but few manufacturers have the courage to use them in their 
products. 

The author gives illustrations of some polishing and buffing 
machines at the Underwood Typewriter Company. The bearings of 
these are nothing but reamed pieces of cast iron, but so fitted as to 
insure perfect alignment of shaft and bearings. Provision is made to 
prevent overstraining the belt and consequent undue load on the 
spindle. 

The plant has had about 100 machines in constant use, some of 
them for a period of six years. There has been only one case of bear- 
ing trouble and this due to the failure to supply oil. In no case has 
there been any call for adjustment due to wear. The spindles were 
of unannealed steel ground to a suitable fit. 


190. Cast Iron Machine Bearings. R. K. Le Blond, Am. Machinist, 
34:537-538 (1911). 

The R. K. LeBlond Machine Tool Company has found by ex- 
perience that babbitted lathe bearings stand up better than bronze 
ones, One lathe with babbitted bearings and a 60 C Midvale steel 
spindle was in constant service for 12 years, after which the wear of 
the bearing was only 0.002 in. 

This company built four experimental lathes with: (1) bronze 
box and soft spindle, (2) bronze box and hard spindle, (3) babbitt 
and soft spindle, (4) cast iron box and hard spindle. The soft spindle 
is a 60 © crucible steel and the bronze a Pennsylvania Railroad bear- 
ing bronze. 

The soft spindle and bronze were scratched and both wore con- 
siderably, the hard spindle and bronze were in much better condition 
but the boxes were scratehed, the soft spindle and babbitt were in good 
condition and showed a little wear, the hard spindle and cast iron box 
were in as good condition as when placed in the lathe and showed no 
wear, All were oiled in the same way and treated exactly alike. 

If a bearing is run dry, a bronze box and soft spindle stands more 
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abuse than a cast iron box and soft spindle, but less than a cast iron 
box and hard spindle. 

The author states that in general the bearing surfaces working 
together must be of dissimilar metals, the only exception being cast 
iron and cast iron which will make satisfactory bearing. It is prac- 
tically impossible to lubricate a bearing with both surfaces of soft, 
steel so that they will not cut. Soft steel and bronze is the next poorest, 
Soft steel and cast iron will give good service if properly lubricated 
but will not stand the slightest amount of neglect. Soft steel and 
babbitt is as near foolproof as any combination, while hard steel and 
cast iron will stand as much neglect as anything, will last much longer, 
and will stand intermittent cuts or a series of blows which would peen 
out or loosen babbitt. 

Soft steel and cast iron is all right if the cast iron has been glazed. 
However, once the shaft starts to cut, the results are disastrous. The 
author gave one such example where the cast iron box was practically 
powdered. 


191. The Manufacture of Railroad Bearings in Australia. Anony- 
mous, Brass World, 5:231-233 (1909). 

An article descriptive of the work at the Norman Brass Foundry, 
Brisbane, Queensland. A new form of car bearing has been developed 
which is destined to become the standard in that country. The bear- 
ing is made in two parts, a lining of bearing bronze and a back of 
cheaper metal, such as cast iron. These two are held together by 
running in babbitt metal between them. The advantage of this con- 
struction is that the liners may be stocked and replaced when desired, 
and the old backings used over again. Twenty bearings may be relined 
per hour. 

It has been found in Australia from a series of tests that bronze 
bearings are best adapted for the weights of cars used there. They 
stand end thrust better than those of other metals tried. The babbitt 
used for joining lining and back is Pb, 85-80; Sb, 15-20. Details of 
manufacture are given. 


192. Railroad Bearings, Their Design and the Alloys Used in 
Their Production. G. H. Clamer, Brass World, 10:43-49, 83-89 
(1914). 

The author gives some statistics on the amount of bearings in use, 
and produced per year. He traces the development of railroad boar- 
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ings from 1872. Previous to this, no standard bearing existed and 
there was great confusion. In this year the Master Car Builders’ 
Assoeiation adopted a standard form of bearing, the MCB, which is 
of the same general typo as present ones. The weight of cars, bearings, 
and load per bearing has steadily increased since this time. 

The MCB bearing is defective in the following respects: (1) It 
embraces too much of the journal, leading to frequent rupture of the 
oil film, though this large bearing surface is claimed to be necessary 
to take the brake pressure. However, the use of side pieces would be 
better. 

(2) It has not the maximum strength for the amount of metal. 

(3) It is too rigid in the box. 

The MCB has 10 per cent excess weight, meaning 30,000,000 
pounds of excess metal in service. 

Sanderson has designed a brass bearing which is 12 per cent lighter 
than the MCB, and which is about the light-weight limit for the 
bearing alloys ordinarily used. The author and Hopkins have designed 
a bearing which represents the extreme limit of reduction of the MCB, 
but a stronger alloy must be used (Perfecto Bearing, made of Ajax 
Perfecto bronze). This stood up better than an MCB of Ajax Plastic 
bronze, especially in the transverse test. 

The author traces the development of bearing metals. Hopkins 
in 1870 patented a bearing lined with Pb which was attached to the 
shell by tinning. The difficulty with breaking in a new bearing was 
almost completely overcome. In 1887, Dicks in England produced the 
well-known “8S” phosphor bronze; Cu, 78-80; Sn, 9-11; Pb, 8-11; P, 
0.7-1. In 1890 the Ajax Metal Co. produced an alloy practically 
the same as Dicks’, except that no P was added, as an excess of 
phosphorus above that required for deoxidizing was found to be detri- 
mental. Brittle phosphides are liable to be formed, leading to rapid 
wear and heating. One disadvantage of phosphor-bronze is the narrow 
range of temperature within which it must be poured. 

The author reviews Dudley’s experiments leading up to his Ex. B 
alloy. Dudley’s conclusions were: (1) that wear and heating decreased 
with Pb; and (2) increased with Sn content. His Ex. B alloy Cu, 77; 
Sn, 8; Pb, 15; P, 0.25. The reason he could not add more lead was 
because the P present kept the alloy liquid a long time and allowed 
the Pb to segregate. 

Clamer and others experimented further by omitting the P and 
using very pure materials. They arrived, finally, at Cu, 65; Pb, 30; 
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Sn, 5 (Ajax Plastic Bronze, “A” Grade). Compositions between this 
and Ex. B tested on a Carpenter friction machine confirmed the laws 
established by Dudley. 

Zn is a detrimental impurity ns it increases the amount of wear 
and tends to segregate the Pb. However, enormous tonnages of bear- 
ings contain up to 10 per cent Zn, and give good service, because there 
is usually enough Pb to offset the disadvantages of Zn. The author 
gives a table of specifications of bearings of American railroads, > 

Hopkins, during the life of his patent, used only pure Pb, as thin 
as it was possible to cast it, or even sheet Pb sweated to the back. 
Although he only designed the bearings to be self-seating, good mileage 
was obtained before the linings wore through. As the thickness of the 
lining was increased, it became necessary to harden the Pb to prevent 
squeezing out. Many roads have increased the thickness up to five- 
sixteenths in. so that practically the entire operation is on the lining 
only. Some bearing metal specifications are given. Composition and 
heat treatment or of vital importance. (Cf. Lynch’s paper.) 

It is fairly well established that the harder the alloy, the greater 
is the tendency to heat, the higher is the rate of wear, the lower is 
the coefficient, of friction, the less is the abrasion of the shaft and the 
less the tendency to distort. 

For a three-sixteenths in. lining, Pb, 95; Sb, 3.5; Sn, 1.5 may do, 
but for a five-sixteenths in. lining, an alloy such as Pb; Sb, 10-20; 
Sn, 3-5 is necessary. 


193. U. S. L. Self-lubricating Bearing. Anonymous, Am, Machinist, 
60:903 (1924). 1 Figure. 

This bearing consists of a shell of hard maple impregnated for 
service with a suitable lubricating oil. Grooves are cut in the shell and 
babbitt is cast therein. The inside is then reamed to proper size. The 
babbitt reinforcement adds to strength and durability and decreases 
the effect of atmospheric moisture. 


194. New Bearing Said to Eliminate Need for Reaming or Broach- 
ing. Anonymous, Automotive Ind., 51:247 (1924). 
Line-reaming or broaching crank shaft main bearings is claimed to 
be unnecessary in the case of a new bronze back babbitt lined bearing 
known as the close limit interchangeable type developed by and pat- 
ented by the Federal Mogul Corporation. 
The bearing is pressed or sprung into slightly elliptical shape before 
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splitting, and the cut taken along the major axis of the ellipse. The 
diameter at the split is 0.004-0.005 in. greater than if the shell were 
cylindrical. The halves are held in a eylindrical fixture (sprung to 
circular outline) and the finish broached, with a very light cut. The 
tolerance on the inside, outside diameters and thickness is 0.00025 in. 
The upper half is sprung into its seat in the crank case, and the lower 
half is held by dowels, to prevent the whole from turning. 

Of course use of these bearings involves very accurate aligning of 
the bearing seats. 


195. Olds Uses Novel Production Method for Interchangeable 
Bearings. W. L. Carver, Automotive Ind., 52:978-981 (1925). 

Interchangeable bronze back, babbitt lined bearings which can be 
installed in engine assembly work or in the dealers service depart- 
ment with no further treatment are produced in a separate department 
at the Olds Motor Works. The machining tolerances are so close that 
any individual bearing will fit when inserted in the engine with no 
need of fitting or scraping. Details of the machine work are given with 
7 illustrations. 

The shells are centrifugal cast of Cu, 85; Pb, 8.8; Sn, 5.4; Zn, 0.8, 
then machined, acid dipped and tinned in a gas furnace at 625° F. | 
(330° C.). Babbitting is done by centrifugal casting in a speed lathe, 
the babbitt (Sn, 85; Cu, 7.5; Sb, 7.5) being introduced through the 
tailstock spindle. After leveling off and allowing flotation of dross, the 
shell is rotated at 900 revolutions per min., and an air blast turned 
on, inside and out. A very dense babbitt is produced which is free from 
blowholes and only a small fraction is thrown out for defective bond- 
ing. Details of the subsequent boring, broaching, burnishing and 
swaging to contour are given. 


196. Some Limitations of Oil Ring Bearings, E. G. Gilson, Am. 
Machinist, 63:1005-1007 (1926). 

Oil ring lubrication is satisfactory at low speeds, but analysis 
shows that there is a limiting speed which cannot be exceeded. 

A bearing is nothing but a heat generator, and if the heat is not 
carried away the oil will oxidize and sludge with consequent unsatis- 
factory performance. 

Heat is generated by the internal friction of the oil and this in 
turn is influenced at high temperatures by the metals of the bearing. 
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Oil is more important as a lubricant at low specds, and as a remover 
of heat at high speeds. 

The greater part of the heat can be removed by rapidly replacing 
the oil film, że., by forcing large quantitics of oil through the bearing. 

The factors which most seriously affect the oil flow are: (1) the 
oil ring; (2) grooving of the bearing. Performance of the oil ring is 
not ideal, slippage on the shaft being great. In fact, with increasing 
shaft speed a point is reached whero there is no further increase in 
speed of the ring, but this may even decrease in speed or actually 
stop. Also as the speed increases, more of the oil clinging to the ring 
is thrown off by centrifugal force reducing the amount of oil supplied 
to the journal to that carried by the inner face of the ring, an amount 
which depends upon the surface tension of the oil. The oil is squeezed 
off of the ring before it reaches the highest point (point of contact 
with shaft), which is 90° ahead of the oil ring slot, where most bear- 
ing grooving systems start. On the other hand, if the grooving should 
start at the top of the bearing the oil would not enter it. Observation 
shows that most of the oil which actually reaches the entrance of the 
ordinary grooving system does not enter the bearing but merely piles 
up and flows down the outside of the shell or bushing. The reasons 
for this are: (1) centrifugal force; (2) oil film pressure at this point 
is greater than atmospheric so that the flow should be out of instead 
of into the bearing. The only oil entering at this point is that which 
adheres to the shaft, and while sufficient to lubricate the bearing at 
low speeds, it is not sufficient to cool the bearing at high speeds. How- 
ever, there is usually a small portion of the oil film where the pressure 
is below atmospheric and the oil flow from the ring should be connected 
to this region. 

A typical oil film pressure distribution chart is given. The author 
shows how by proper grooving the oil pouring down at the usual point 
of entry, 90° from the top in the direction of rotation, can be carried 
around to the low pressure sector. If this is done, the difficulty will be 
to carry enough oil to the bearing with the oil ring. 

The author admitted oil to a bearing at each of a series of tap 
holes along the top side of the bearing and found that the flow was 
greatest in the region where the pressure was lowest. 

The region of low pressure may be used to pump oil directly from 
the oil well into the bearing. Unfortunately it is rather hard to locate 
this region. It seems to be about 120° in the direction of rotation 
beyond the point of nearest approach of journal and shell, the situa- 
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tion of which is influenced by many factors. It is not necessary to 
find this point of minimum pressure accurately, however, Practically 
worthless bearings lave been made to give satisfactory service by 
grooving so as to lead the oil into the low pressure region. 


197. The Pad System Applied to Journal Bearings. Maj. F. 
Jolnstone-Taylor, Am. Machinist, 60:9-10 (1924). Figures. 

Clearance of ordinary bearing brass must. be so large that only part 
of the oil film is effective. A bearing using pivoted pads ground exactly 
to the radius of the shaft has nearly the whole bottom half of the 
journal supported on the oil film. The author claims that the bearing 
can support ten times the load of the ordinary journal brass. The pads 
are lined with white metal. 


198. Locomotive Bearings. G. R. Henderson, Trans. Am. Soc. Mech. 
Eng., 27:420-422 (1906). 

The extreme length possible over bearings is limited by the track 
gauge, while other design factors prevent drawing the frames. closer 
together. The practice of providing extra bearing surface by extending 
the inner side of the bearing is sometimes resorted to, but is not to be 
recommended as it imposes an eccentric load on the journal. 

For instance, if a box is increased in length from 10 to 12 inches, 
while the spring saddle remains in its original position, 5 inches from 
the outer end, the center of load no longer coincides with the center 
of length and the unit load at one end is three times that at the other. 
The results of this are often overheating or uneven wear. It would be 
better to use a shorter box and keep the center of load coincident with 
the center of length. 


199. The Application of Babbitt Metals. L. D. Staplin, Am. 
Machinist, 54:15-16 (1921). 

Bearing troubles are often caused by faulty alignment and groov- 
ing. Examples are given of good and bad grooving. ‘All grooves should 
have rounded edges, as sharp edges act as scrapers and destroy the 
oil film. The ends of bearings should be rounded also. Groove as little 
as possible, as this reduces the load supporting area. Make the anchor- 
ing deep enough to hold well. Even with correct anchoring, soldering 
or tinning may be advisable. 

Guard. against overheating the metal, mandrel or shell to avoid 
looseness. Overheated metal has a more open structure and packing 
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results when it is loaded. Pour at as low temperature as possible and 
warm the mandrel only enough to remove the chill. The desired struc- 
ture may be obtained by quenching in water after casting. Overheated 
metal develops small cracks after short service and finally the metal 
vives way. The results of overheating are not so severe with a lead 
base as with a tin base babbitt. 


200. Bearings and Bearing Metals. C. H. Bierbaum, Machinery, 
29:298-300 (1922). 

The author’s conelusions are, that for properly designed, con- 
structed and lubricated bearings: 

(1) The bearings surfaces are completcly separated by a film of 
oil. (2) The friction of operation is the fluid friction in the oil film, 
an adequate thickness is essential. (3) Proper clearance should be 
allowed for the normal thickness of the oil film. (4) The advance edge 
of the bearing must be rounded or chamfered to permit the oil film to 
form. (5) The oil film forms most effectively on the surface whose 
advance edge is at right angles to the direction of motion. (6) An 
increase of speed increases the thickness of oil film, clearance per- 
mitting, (7) An increase in viscosity increases the thickness of the oil 
film. (8) The larger the unbroken area of oil film, the greater the load 
supporting capacity. (9) Every unnecessary oil groove reduces the 
supporting capacity. (10) For every bearing condition there is a thick- 
ness of oil film corresponding to maximum efficiency. 

Caution: Do not drive bushings too tightly, the clearance will lessen 
when they become heated. 

The author gives notes on machining and grinding. 


201. Ways to Cure Sleeve Bearing Troubles. R. Pruger, Ind. Eng, 
82:113-117 (1924), 

This article discusses the design and maintenance of bearings for 
electrical machinery. The air pressure must be balanced where there 
are several bearing seats. The suction of the blower may draw the oil 
from one chamber to the next if the cored holes are submerged in the 
oil, Westinghouse motors have the coring in a connecting channel at 
the top of the housing. Foaming oils are cautioned against. Points on 
high speed machine bearings are given, Illustrations are given showing 
the evolution of the leak-proof bearing housing, 

The advantages of sleeve bearings are: there is a large bearing 
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surface, the oil film forms a flexible or eushion element, and the 
babbitt lining after being run-in conforms to the load conditions. 
Replacements, heating, and operating expenses are discussed. 


202. Causes of Babbitted Bearing Failures. L. D. Allen, Am. 
Machinist, 64:754 (1926). 


Most failures can be traced to one or more of the following causes: 

(1) Excessive loads gradually crush the liner. (2) The bearing, not 
finished to obtain smoothness, will heat and wear. (3) There is poor 
alignment. (4) The bearing is keyed too tight. (5) The lubricant is 
too thick or too thin. (6) The wrong grade of babbitt is used. Babbitt 
should be bought not by formula but by the service required. (7) The 
metal is poured at the wrong temperature. High tin alloys should be 
poured at 700° F. (871° C.) and high lead ones at 800°-900° F. (426°- 
482° C.). (8) Grit and foreign matter are present. 


203. Critical Phenomena in Plain Bearings. C. Hummel, Z. ver. 
deut. Ing., 71:379-382 (1927). 13 Figures. (Abstract of Ver. 
deut. Ing. Forsch., No. 287, “Critieal Speeds of Rotation as a 
Result of the Yielding of the Lubricant in the Bearing”. Berlin, 
1926, pp. 48.) 


“According to the generally accepted hydrodynamical theory of 
bearings, critical states are to be expected in every plain bearing. In 
opposition to the original conception of a shaft climbing up the bear- 
ing in the direction of rotation, which is valid for unlubricated bear- 
ings, the hydrodynamical theory pictures to us a shaft floating in 
the lubricant, whose load is taken up by the upward pressure of 
the lubricant, This, under given operating conditions (dimensions of 
shaft and bearing, angular speed, loading of shaft, viscosity of lubri- 
cant), is a function of the relative position of the shaft and the hearing. 

“The equilibrium position of the shaft may be stable or unstable. 
In the first: case, the shaft if slightly disturbed will oscillate back into 
its equilibrium position; in the second case this does not occur and 
the equilibrium is permanently disturbed. If the equilibrium is stable, 
the shaft has two periods of free vibration as it can vibrate either 
horizontally or vertically, hence in two directions. If external periodic 
forces of the same frequency as those of the free vibrations of the 
shaft act upon it, resonance occurs and the amplitude of vibration of 
‘the shaft becomes greater and greater, until the inevitable damping 
permits no further increase. Even though the amplitude does not 
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actually become infinite, ib becomes so great that any controlled 
operation is impossible. We have, therefore, to do with a critical speed 
of rotation. In order to find this aut and to overcame it we will start 
from Reynolds’ theory of the plain sliding bearing”. i 

The problem of determining the oil pressure in a half bearing ig 
solved, making the usual assumptions that the inertia forces are neg- 
ligible and that the clearance is small compared with the radius, The 
pressure is integrated over the bearing surface to give the horizontal 
and vertical components of the force on the shaft, These values are 
plotted for all possible positions of the center-line of the shaft. 

Strictly speaking, these computations do not apply to the ordinary 
journal bearing, because some of the assumptions made, viz., uni- 
dimensional flow, constant viscosity, and fixed conter-line of shaft are 
not valid here. A graph is given for making the correction for the 
finite length of the shaft. 

The equations of motion of the shaft are next set up and solved, 
giving the displacement components of the shaft, « and y in the form: 


w=ÄA et y= B „mt 


where A and B are arbitrary. If 2 is real the equilibrium is stable, 
while if 2 is complex, the equilibrium is unstable. 

Let œ be the frequency of the unbalanced centrifugal forces acting 
on the shaft, it is a critical frequency if equal to 2. A graph is given 
of critical speed plotted against the paramcter 
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p= average vertical pressure aver bearing, 
a= viscosity of lubricant, 

â = difference in radii of bearing and shaft. 
y = radius of shaft, 

g= acenleration of gravity. 
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If I’ > 30, corresponding to py’ > 3.5, the equilibrium of the shaft - 
is stable and there are two critical speeds, while if P < 30 the equi- 
librium is unstable only. 

“In order to test the foregoing deductions, a heavy shaft on which 
was mounted a flywheel was driven by a variable speed motor through 
two universal joints. The bearing was a purely radial one, the lower 
half, of phosphor bronze, was smooth with a sharp leading edge, the 


ABSTRACTS all 


upper had a clearance of several millimeters, thus realizing the case 
of the half-bearing. The bearing was lubricated by a drip oiler that 
allowed one or two drops of oil per second to fall on the shaft”. 

By means of an optical system the vibrations of the shaft could be 
thrown on a screen. Four photographic records are given. A plot is 
given of the amplitude of vibration of the shaft against the speed of 
rotation. Two critical speeds are plainly shown, for which the ampli- 
tude rises to three times the value which it has between these two 
specds. The transition from stable to labile equilibrium is also shown. 

These critical phenomena may be overcome in practice by shaping 
the bearing surface to obstruct the vibrations. As, however, friction 
would increase at the same time it will be more correct from an oper- 
ating standpoint to so design the bearing that the region of eritical 

‘phenomena will be avoided. 


204. Hot Bearings. EK, Kistinger, Machinery, 14:141-144 (1907). 

The author states that the main reasons for hot bearings are: (1) 
shrinkage or contraction of the babbitt; (2) shrinkage strains set up 
in the babbitt liner by unequal distribution of the babbitt over the 
shell; (3) a lack of contact between the babbitt and the cast iron or 
steel shell; (4) partial deflection of the lubricant into the wrong place. 

Assuming perfect contact between the babbitt and the shell at the 
temperature of solidification, the babbitt will tend to loosen on cooling 
as most babbitt metals have a coefficient of expansion about two or 
three times that of cast iron or steel. The fact that most bearings are 
split does not affect the result. If the babbitt is secured by mechanical 
anchoring, such as dovetail grooves, shrinkage strains will arise. 
Shrinkage, of course, also takes place in the axial direction, or shrink- 
age strains if lining is anchored, Such strains may start cracks after 
the bearing is placed in service. 

Some parts may be in worse contact than others due to gas bubbles. 
This is especially liable to happen in babbitt containing copper. The 
common practice of peening is very questionable as it is liable to 
drive bubbles from a place of bad contact to ruin a place where the 
contact is good. The bearing metal also becomes brittle and minute 
cracks start which enlarge in service. Peening has been discontinued 
on the continent. 

The hollow space due to shrinkage is bound to become filled with 
oil and as the thermal conductivity of oil is only about one two- 
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hundredths that of cast iron or babbitt, the heat generated is carried 
away much more slowly than if metallic contact existed. The hydraulic 
pressure of running algo tends to produce cracks in the liner. Both these 
factors tend to ultimate overheating and destruction of the liner. 

Two bearings were tested by the author under a load of 400 pounds 
per sq. in at 480 ft./min. One in which the metallic contact was good 
ran at 60° F. over room temperature, while the other, in which the 
bonding was poor, ran at 85° F. over room temperature. The usual 
working conditions in engines are much worse. 

The author describes the Glyco bearing, a skeleton bearing designed 
to eliminate some of these difficulties. An 844 X 15% in. bearing had 
a skeleton of 10 gage soft steel perforated plate, secured to the cast 
iron shell by countersunk screws, while the bearing metal proper was 
Glyco metal. The thickness of the lining may be reduced due to the 
strength of the steel reinforcement, sometimes as much as 50 per cent. 
The skeleton may be cast with the back by placing it in the mold, the 
holes, of course, being filled with sand. 


205. What Foundrymen Can Do to Prevent Hot Boxes. R. R. 
Clarke, Foundry, 45:111-114 (1917). 

The author warns against certain foundry and shop practices which, 
however, it would seem to be almost common sense to avoid. 

He states that too many junk bearings and zine contaminated 
bearings are in service. 

He doubts the wisdom of hard particles in a softer matrix for any- 
thing so severe as railroad service. 

Cautions are given regarding the use of scrap and of overheating 
in melting, Sources of porosity are: overheating, chilled mandrel, and 
steaming back. (The back sometimes retains water from the quenching 
even after boring and tinning.) Inclusions of oxides will produce a 
similar effect. 

The loosening of the lining from the back may be due to: dull 
boring tools, poor tinning, the pouring temperature being too low, 
steaming back, oxidized tin surface, rough handling in hot or cold 
condition. He cautions against buffing the surface on an emery wheel, 
as particles of emery may be embedded in the metal. 

The author criticizes the railroads for using bearings, just as they 
come from the mandrels, except for rough trimming edges and ends, 
for all purposes but engine truck and trailer brasses, 
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206. Eliminating Cracking in Bearing Metals. Ch. Vickers, Foun- 
dry, 51:581 (1923). 


A manufacturer had trouble with the cracking of a bearing alloy: 
Pb, 88-85; Sb, 8-10; Sn, 3-5, which was required to stand 70,000 Ibs. 
Vickers advises him to increase the Sb content to 15 per cent and pour 
at the proper temperature, viz., 625° F. (330° C.). The metal will char 
a stick of wood at this tempcrature but will not cause it to flame. 


207. Recent Developments in Aircraft Engines. L. M. Woolson, 
J, Soc. Automotive Hng., 16:122-125, 297-309 (1925). 


The author traces the development of the Packard aircraft engines. 
The foundation of the engine design is the bearing layout. The life of 
the main and connecting rod bearings is important in determining 
the length of time between overhauls. The past practice, in allowing 
large factors of safety, is not altogether satisfactory. If followed, we 
are denied an important means of reducing weight, namely by reduc- 
ing the length of the bearings and thereby the length of the engine. 
The limitations of close cylinder spacing are eliminated by the 
Packard design. The failure of aircraft engine bearings has rarely been 
caused by lack of lubrication or by wear, but usually by cracking or 
erushing of the babbitt lining after 30-150 hours of service. Failure is 
frequently caused by fatigue of the lining produced by the minute 
flexure of the backing, Hence if the backing can be made more rigid, 
greater loads can be carried. 

Tests were run on a bearing machine (to seizure under overloads) 
to determine what the limits of the metal actually were. A table of 
results is given of tests on the Liberty and the Packard engine, also a 
table of the maximum and mean operating bearing loads of these 
engines. 

No trouble was experienced with babbitt linings on stecl shells. 
Babbitt will loosen, however, when backed with bronze. The elasticity 
of the steel is about double that of bronze. 


208. Metals for Car and Power House Bearings. H. H. Buckman, 
Elec. Ry. J., 60:47-48 (1922). (Abstract of paper presented 
before the ©. E. Electric Railway Association, June 25-30, 
aboard §.8. South America.) 


Some of the essential characteristics of a satisfactory bearing metal 
are given and the advantages of a lead base alloy are discussed. While 
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bearing metals are essentially the same as those used by Babhitt in 
1839, the ability to use increased speeds and loads is due to better 
lubricants. A relined bearing has rarely more than 75 per cent efficient 
bonding and this is often as low as 30 per cent, duc to the impossibility 
of getting all of the oil out of the backing. Loose bearings wear faster 
than tight ones. 


209. Babbitt Will Not Adhere, Ch. Vickers, Foundry, 51:581 (1923), 


A manufacturer had difficulty making babbitt adhere to ground 
and tinned brasses. Vickers advises machining instead of grinding, as 
the latter process tends to burr over and bury any oxide, instead of 
removing it. Solder will not adhere to such a surface. Swabbing with 
zinc chloride before applying soldering acid (HCI) is advised. 


210. The Essential Properties of Sliding Contact and Roller 
Bearings. R. Stribeck, Z. ver. deut. Ing., 46:1341-1348 (1902). 


A study of bearings should not be limited to steady running con- 
ditions, which give information more on the lubricant than on the 
bearing metal. Of much greater importance is the running-in of a 
journal and the phenomena taking place when starting up. Often 
hours elapse before thermal equilibrium is attained after starting up, 
and the friction is generally greater than during steady running con- 
ditions. 

Running In. All bearings must be rm in, as the effect of load 
cannot be allowed for in machining, also the thickness of oil film is 
estimated with difficulty. With a hard stcel shaft, cast iron bearings 
can be run in only very slowly, bronze is better and some of the plastic 
white metals are still better. 

The load capacity is greater the easier the bearing is run in, ex- 
cept for cast iron bearings so designed that bending does not occur. 
Such bearings may carry a heavily loaded hard steel shaft, In gen- 
eral, however, the running in of cast iron will have to be aided by 
scraping off the high places and increasing the load after cach opera- 
tion. White metals, on the other hand, adjust themselves by yielding, 
though they must not yield too much. A metal with a yield point 
of 200 kg./em.? was found to stand up under a mean load of 90 kg./om.? 
Bronzes adjust themselves by abrasion and the shaft is generally worn 
in the process. In a properly designed bearing, abrasion must stop 
and polishing occur before the whole surface is attacked, though this ` 
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is not possible under some conditions. Of the two modes of running in, 
that of plastic yielding is more reliable.’ 

Tests to determine the behavior during running in take much time 
and if made under service conditions, the results will depend more on 
the lubricant than on the bearing metal. 

Lubricant. The character of the lubricant has great effect on the 
load capacity and reliability, but, for lack of time, the author had to 
choose one lubricant for all the bearings tested. This was a rather 
heavy, transparent, fluorescent yellow mineral motor oil. Its Engler 
viscosity was as follows: 


Temperature, °C. ....... 20 30 40 60 80 100 
Viscosity wc. ccc cece eee eee 40.5 20.1 10.9 4.61 2.42 1.74 


Viscous mineral oils have about the same viscosity at the higher 
temperatures. 

Tests were made at 1100 and 760 revolutions per min, ou a Sellers 
bearing 7 cm. diameter by 23 cm. long, having two oil rings. The 
shaft was supported by babbitted bearings on either side of the test 
bearing. Curves are given of the coefficient of friction vs, the steady 
temperature for different loads. Curves of temperature vs. time showed 
that about 3 hours elapsed before a steady state was reached. The 
coefficient of friction decreased with the time. The work of friction of 
intermittently used machinery is then underestimated if the value of 
the coefficient for the steady state is used. 

Curves of coefficient of friction vs. load are given for different 
speeds and a constant bearing temperature of 25° C. Each of these 
curves showed a decided minimum, which occurred at higher speeds, 
the greater the load. At high speeds a minimum was not reached be- 
cause the bearing scored first. At higher temperatures, the lower the 
speed the sharper was the minimum. 

The curves of coefficient of friction vs. speed for constant load, 
also show minima, which are more pronounced and occur at a lower 
, speed the lower the load. In all cases the value of the minimum 
coefficient, is about the same, 2.e., about 0.0085. Static friction is also 
about the same, viz., 0.14 for all loads. This is about the same order 
as that found by Morin for slightly greasy surfaces at low pressures. 

The greatest friction is, then, to be overcome on starting, and the 
higher the speed the better the lubrication, also the higher the ratio 
of fluid to solid friction. 
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If the friction is chiefly solid friction the coefficient increases with 
the oil temperature. Curves are given. 

Theory indicates that the coefficient of friction should be decreased 
on the downward branch and increased on the upward braneh of the 
curve if the diameter is inereased. Experiments with a shaft with a 
variation of 0.1 mm. in diameter inercase or decrease confirmed this 
as far as the upward branch was concerned. If a new shalt is specially 
fitted to the bearing, the effect is the same as an increase in diameter 
This was confirmed rather weakly for the downward branch, and 
strongly for the upward branch of the curve. 

On the rising branch of the curve, the eocflieient in general in- 
creases less rapidly than the specd, 2.¢., the slope gradually becomes 
less. This is due to the thickness of the oil film increasing with the 
speed, 

The author cautions regarding the interpretation of his curves; 
they are for a bearing temperature of 25° ©. In practico the tempera- 
ture will be higher, the viscosity less, and the oil film thinner. In fact, 
scoring may occur. 

The figures, however, give a basis for predicting the behavior on 
starting. In this case the friction does not increase so rapidly as indi- 
cated on the curve as the oil film is thinner than in the steady state. 
Moreover, with ring oilers, the lubrication is deficient at low spceds. 
Another set of curves gives the coefficient oaf friction vs. speed for a 
steady state under different loads. Temperatures .are given on the 
curves. The curves have maxima and tend to approach a constant value 
as the speed increases. 

White Metal Bearings. These bearings, lined with Magnolia 
metal, could be automatically run in, which was not possible with 
- the Sellers bearing. The diameter was 7 em., length 13.7 om., yield 
point of metal was 200 kg./em.?, average bearing pressure 25 ke./em., 
though sometimes as much as 50 kg./em*. Lubrication was by a central 
oil ring, Another series of tests was made with the length cut to 7 om. 
The results were the same as those of the first series at high speeds, 
but differed at low speeds. Above 64: revolutions per min. and a suffi- 
ciently high load the coefficient of friction increases with the load, this 
state occurring at lower loads for the longer hearing. Results of the 
second series of tests are given. 

The bearing was run in using an American light spindle ofl. The 
speed was 64 revolutions per min. and the load 11.5 kg./em2 The 
room and initial oil temperature was 14.5° C, Curves are given of the 
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coefficient of friction vs. time for loads of 11.5, 19.0 and 2.36 ke./em.? 
The force became steady after 10 min. when the coefficient amounted 
to 0.02. A maximuin temperature of 25° C. was attained after 45 min. 
During 14 hours the coefficient decreased continually and reached a 
constant value of 0.0026, the temperature being 20° C. (2.5° above 
room). With a load of 19.0 kg./em.* the final coefficient was 0.0022 at 
21° C., while with a load of 26.3 kg./em.? much larger values of the 
coefficient were obtained in the latter part of the run, and there was 
much variation in the force of friction. After 16 hours the coefficient 
was still 0.006, while there was a period about 10 hours after the start 
when the coefficient went as high as 0.07. No damage was done, how- 
ever. On decreasing the load to 19.0 kg./em.? the coefficient fell to 
0.0022. With a load of 36.3 kg./cm.? readings were impossible. After 
10 hours’ running during which the temperature rose repeatedly to 
40° C. the coefficient was 0.003 at 24° C. and the bearing was still 
not completely run in. If the load was reduced to 25.2 kg./em.?, the 
coefficient fell to 0.002: at 24° C. No damage was done. With a load of 
43,6 kg./cm., the shaft ran 5.5 hours with frequent interruptions cue 
to the belt slipping off and readings were impossible. The bearing 
squeaked very loudly toward the end, but the surface was merely 
glazed. The tests indicated that the oil was too thin, but that the 
Magnolia metal adjusted itself well. 

A thicker gas engine oil was next tried. At the maximum load 
obtainable on the balance, viz., 51 kg./cm.?, speeds of 190 and 380 revo- 
lutions per min, were used, The load could be increased to this value 
in a few hours and the coefficient reached its steady value soon after. 

This bearing which was run in with motor oil was next lubricated 
with spindle cil and run at 380 revolutions per min, under a load of 
36.3 kg./em.? The lubrication was sufficient at this load, but bad if the 
load was increased to 42 kg./em.* 

Paraffin oil gave the same results as spindle oil at 36.3 kg./em-, 
while the bearing soon overheated if run at 51 kg/em.? Castor oil 
caused great friction and heating. Water was valueless as a lubricant, 
causing great frictional heating and wear. 

After the bearing had adjusted itself again, it was reduced in 
length to 7 cm. Curves of the coefficient of friction vs. temperature 
are given for the 7 em. bearing. Under loads varying from 0.7 to 
76 kg./em.*, and speeds from 190 to 1100 revolutions per min, the co- 
efficient decreases with both the temperature and the load. Steady 
running temperatures were not observed. The decrease of the coefficient 
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with the temperature is most rapid at small loads. The coefficient of 
friction depends not only on the viscosity but also on the thickness 
of the oi] film, confirming the fact that the cocflicient deercases slower 
than viscosity. 

The curves of the coefticient vs. load had flat minima at low speeds, 
but the minimum is hardly reached at high speeds when the tempera- 
ture is 25° C., ie, the curve starts to rise at a much higher load than 
in the ease of the Sellers cast iron bearing. 

The curves of the coefficient vs. speed for different loads at 25° C, 
are given. The static friction is considerably greater than in the case 
of the Sellers bearing (0.2 to 0.24), but falls much faster with increases 
in speed. A minimum is not shown for all loads. The lowest value of 
the coefficient is about 0,0015 for loads over 5 kg./em.? 

Another white metal lined bearing of 4.8 cm. diameter gave about ` 
the same coefficient vs, temperature curves. 

Comparison of Magnolia Metal and Sellers Cast Iron Bearings. In 
cast iron bearings at low and average speeds faulty lubrication and 
high friction occur for much lower values of load. At high speeds, how- 
ever, the coefficient of friction is lower for the cast iron. This is not 
to be interpreted as proving the superiority of the Sellers bearing. The 
supporting surface is only part of the whole area, Actual supporting 
surface may be estimated from the glazed area. It is much smaller for 
the cast iron bearing. The differences in the coefficient are much less 
if, instead of taking the average over the whole surface, the unit load 
on the supporting area is taken, and comparisons made of coefficient 
for the same values of actual unit load. If the actual unit load for the 
Sellers is only about half that of the Magnolia metal bearing, the 
coefficient of friction vs. time curves fall close together. 

The load capacity of a poorly fitting bearing is less than that of 
one which fits the shaft. Frictional losses must be compared for the 
same total load, not for the same unit loads. 


211. Tests of Large Shaft Bearings. A. Kingsbury, Plec, J., 3:464- 
469 (1906). 

The author describes some tests made preliminary. to running the 
5000 kw, generator of the Niagara Falls Hydroelectric and Power 
Company. The rotating field of this generator weighing ahaut 100,000 
Ibs. is designed to run at 300 revolutions per min. 

The apparatus used consisted of a horizontal shaft mounted on 
three bearings, the middle one being pressed against the shaft by 
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means Of a. lever. The outer bearings were 9 in. in diameter by 30 in. 
long and the middle one 15 in. in diameter by 40 in. long. Bearing 
friction was estimated from the power input to the 150 horse-power 
direct current motor driving the shaft. 

The bearings were lined with genuine babbitt and scraped to fit. 
The middle bearing had a top and side clearance of 0.03 in., while the 
other two had vertical clearances of only 0.007-0.008 in., which was 
not enough to provide for expansion if the rate of heating was too 
great. The lower halves of the bearing were water cooled. 

Bearings were flooded with oil from a small supply tank, the return 
flow being water cooled. Oil entered a wide and deep groove in the 
babbitt running nearly the whole length of the bearing. 

Due to the small clearance of end bearings, considerable time was 
necessary to attain full speed. Three hours were necessary to allow the 
parts to become heated. 

The thickness of the oi] film was measured under a load of 94,000 
lbs. at a succession of decreasing speeds by means of four Bath lathe 
indicators. Curves are given for readings 45° either side of the bottom 
point. At all speeds the shaft was displaced in the direction of rota- 
tion, confirming the theory of Osborne Reynolds. 

The maximum speed attained was 1350 revolutions per min. Below 
400 revolutions per min. the speed could not be controlled, and below 
300 revolutions per min. lubrication was imperfect so that the friction 
increased rapidly. 

Test data are given for heavy machine oil and paraffin oil. 

The author concluded that it was possible to run bearings at 
loads and speeds.far in excess of those obtaining in ordinary practice, 
even without water cooling, One run was made under a load of 
94,000 lbs. at 1248 revolutions per min. with only a small amount of 
water cooling; the oil supply, however, was cooled. 


212a, Laws of Bearing and Dry Friction Are Similar When the 
Loads Are High. P. M. Heldt, Automotive Ind., 49:573 
(1928). 

The author mentions Stanton’s claim to have established the ex- 
istence of “boundary lubrication” under certain conditions. “B.L.” is 
defined in the work of Beauchamp Tower” and the theoretical 
analysis of O. Reynolds.“ In general there is no motion of the 
lubricant relative to the metal at the boundary (slip), but as the load 
inereases the oil film becomes thinner and finally only of molecular 
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thickness and slip occurs. Earlier investigators regarded this as only 
the transition from lubrication to seizure, Reeont workers have re- 
sorted to it, however, to explain the heavy load capacity of certain 
high friction bearings, as the tecth of heavy duty worm gears, ete. 
Holdt quotes Deeley’s concept af continuous gradation from the steel 
of the shaft to the metal of the bearing, the surface layers being 
composed of both oi] and metal molecules. 

According to the Lubrication Tovestigation Report,’ for con- 
ditions of boundary lubrication the value of a lubricant docs not de- 
pend wholly on the viscosity as many thick lubricants will not prevent 
wear, while others will. “Oiliness” must be regarded as an important 
property of the lubricant. Under many conditions bearings run en- 
tirely separated; under others, not. The author refers to the work 
of Deeley ° on the friction of round pins sliding on plates. Deeley 
concludes that static friction varies not only with the oils but with 
the metals used. He claims it is possible for the oil to penetrute the 
metal for a considerable distance, forming a mixture or compound 
which acts as a lubricant. Oily liquids are those which enter into 
combination with the surface molecules of the metal. He cites experi- 
ment of trying to file with an oily file in which the cutting power is 
greatly decreased by the oil. One conclusion is: “In general engineer- 
ing practice the lubrication of all machine details where the relative 
motion is of reciprocating character may be taken as boundary 
lubrication”. 

Stanton’s experiments with an oscillating shaft are cited," in 
which he concluded that the lubrication was of the boundary type. 
Time us. deflection curves were straight lines as in the case of dry 
friction. (The speeds were low.) 


212b. Research Reveals Laws of Friction in Lubricated Bearings. 
Automotive Ind., 49:735 (1923). 


Heldt reviews the work of previous researches. Tower 7% measured 
the distribution of pressure over the bearing surface. The greatest 
pressure was nearly twice the average, this being not at the center 
but displaced in the direction of motion. Pressure was zero at the 
ends. Tower found that the bearing acted as a pump. (His conclu- 
sions apply only to bearings in which the direction of the load is 
constant. This is not the case in auto engine bearings where the line 
of closest approach rotates with the shaft.) Heldt shows by the simple 
composition of forces why the maximum pressure is displaced from 
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the ‘center. Heldt states that wear probably takes place only on start- 
ing, when the shaft and bearing are in contact. 

In the case of dry friction the work of Morin #°°-3% and others has 
shown that the coefficient of friction is independent of load and speed 
within certain limits. The researches of Thurston,’®® Tower, and 
Lasche ** show that in well lubricated bearings at constant speed 
the friction at first increases with specific load and then becomes prac- 
tically constant, ie., the coefficient is inversely proportional to the 
load. The speed and the load of maximum friction increase with the 
temperature. Lasche finds that the coefficient increases with the speed: 


u— pp(t — 32) = constant = 51 


p = load in pounds per sq. in., £ = degrees Fahrenheit. The range of 
p is from 14 to 200, ¢ from 86 to 212, v from 3 to 66 ft. per sec. 

Lubricated friction may be less than one per cent of dry friction. 

Frietion depends upon other things than viscosity. For instance 

the addition of a small amount of a fatty acid such as oleic acid will 

greatly reduce the friction coefficient without materially affecting the 
viscosity. The concept of the coefficient of friction is of doubtful value, 
as it is not a constant. Lasche found that the material of the journal 
and the bearing were of slight influence on friction, being a little 
lower for “bronze than white metals. The choice of a bearing metal 
depends on other considerations. Bronze is more Hable to seizure 
than babbitt when overheated. White metals are an advantage in 
many lines, for instance electrical machinery, where the hum will 
change tone as the bearing softens due to heating. 

Bearings subjected to periodic loads will sustain greater maximum 
loads. For instance Tower found that with steady loads and operating 
in an oil bath a locomotive crank pin bearing would take a maximum 
load of only 400 pounds per sq. in., but in service its maximum load 
was 1400 pounds per sq. in. with drip feed, and 2500 pounds per sq. in. 
with more efficient feed. In the case of periodic loads the oil does not 
have time to be squeezed out from between the surfaces. The maxi- 
mun load on auto piston pin bearings is about 2500 pounds per sq. in. 
Tower found that on reversing the motion that friction increased at 
first but gradually came down to its normal value. One explanation 
is that the fibers of the metal are turned in the direction of the motion. 
Reynolds, however, pointed out that the line of closest approach was 
not in the line of application of the load, so that if the motion is 
reversed, the journal must find a new seat for itself. 
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In practically all auto engines, oil enters through the bearing 
(stationary part). If oil instead entered through the journal (moving 
part) it could be made to enter more nearly ab the line of maximum 
pressure at all times, which would insure more uniform lubrication, 
This calls for further experiment, 


212c. Opinions Vary Regarding Usefulness of Oil Grooves. Auto- 
motive Ind., 49:800 (1923). 

Lasche ™ refers only to the grooving of bearings with ring oiling. 
The bearing must be recessed at the place where the ring derives 
most of the oil and helical grooves must be cub from here almost. to 
the end of the bearing. Helices in the other dircetion should carry 
the oil back. The edges of the grooves must be beveled. 

Morcam advocates circumferential grooving (for high speed steam 
engines), the two halves of the groove being staggered to avoid wear- 
ing a ridge on the journal. For extra large bearings an additional 
groove should be cut at the bottom of the bearing. The theoretical 
objections to a circumferential groove are casily proven, Tower showed 
that the pressure was a maximum halfway between the ends, there- 
fore if a groove is placed here the pressure is reduced nearly to zero, 
and the load carrying capacity is naturally reduced. 

According to Reynolds’ theory of lubrication, the best results 
should be obtained with grooveless bearings. With otlier than pressure 
feed the pressure is nil at the points of entry and exit of the oil. 
Grooves cause a break in the oil film. Both of these factors reduce the 
load capacity. 

Heldt cites the work of Kucharski? who attacks Reynolds’ 
assumption of constant oil temperature. Kucbharski’s conelusions fol- 
low. (1) The temperature rise in the oil flim is less the smaller the 
ratio of length of bearing surface in the direction of motion to the 
longitudinal width. A division of the width, de, by circumferential 
grooves, is inadvisable. (2) With the view of forming an oil film of 
maximum thickness, the length of uninterrupted bearing surface in 
direction of motion should be made less the higher the specific load 
and the lower the oil temperature, Best results should be obtained 
with a bearing of approximately square plan form. (3) The maximum 
thickness of oil film is not sharply defined as a function of the length- 
width ratio, thus allowing sufficient latitude to take care of other 
factors. 

Another theory in regard to oil groaves is that they are required 


ABSTRACTS 323 


merely to catch the worn-off particles of metal, and therefore should 
be most effective at the bottom. However, it is best to eliminate these 
by straining them out so that they settle at the bottom of the oil well. 

Stanton ®° finds liberal grooving desirable for oscillatory motion 
(boundary lubrication). The author does not consider this a proof of 
the general advisability of grooving. For comparison the friction on 
an ungrooved bearing of the same area should have been found. 


212d. Lubricating Value of Oils Is Affected by Other Properties 
Than Viscosity. Automotive Ind., 49:842 (1923). 


For the same general case of lubricant and within certain limits of 
loading, friction is directly proportional to the viscosity of the oil used, 
but not otherwise. For instance, tests on worm gears at the National 
Physical Laboratory (Teddington, England) showed at 104° F. the 
same friction loss for castor and neatsfoot oils although their viscosities 
are as 6 to 1. There is no good definition of oiliness. Herschel defines it 
as that property which causes difference in friction of oils of the same 
viscosity under similar conditions. Oiliness is of importance only when 
the oil film is incomplete. Complete lubrication obtains under 99 per 
cent of the operating conditions of auto engines. Vegetable oils have 
greater oiliness than mineral oils. Fatty oils mixed with mineral oils 
give the latter greater load sustaining power, Wells and Southcombe * 
claim that this is due to the content of fatty acids and glycerides. 

The suggestion has been made that oiliness was a matter of lower 
surface tension. Wells and Southcombe found that this was the case 
for oil against water. Lewis found that by adding only 2 per cent oleic 
acid to a mineral oil the surface tension was reduced from 100 to 80. 
Oils with lower surface tension spread more rapidly over the surface 
and maintain a film more easily. A fluid is capable of acting as a 
lubricant only if it will wet the surface. (Great adhesion between 
the metal molecules and those of the lubricant is necessary.) The 
lubricating value of mineral oils depends on their content of unsatu- 
rated hydrocarbons, which naturally have residual affinity. Some 
believe that they enter into combination with the molecules of the 
metal surface and thus cause great resistance to the break up of the 
oil film. 

Another approach to the subject is through the colloids. Ostwald 
finds that colloids do not maintain a uniform distribution where they 
are in contact with a surface. Usually the concentration of the colloid 
is greater at the surface (adsorption). 
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The above considerations shed some light on why a bearing metal 
has some effect on the friction. The character of the metal has influence 
on the maximum applied load in practically every case. Arehbutt 
found that with the same load and speed and oil that a white metal 
would carry twice the load of a bronze bearing without inerease in 
friction. 

Objection has been raised to fatty acids in that they might corrode 
the journals, Southcombe states that this is not the case, although all 
compounded oils contain fatty acids. 

Claims for fatty acids are borne out by Archbutt using a Thurston 
machine. Stanton, with his oscillating shaft, found that the addition 
of oleic acid to the oil reduced the friction. 


213. Some Bearing Investigations. E, G. Gilson, Gen. Elec, Rev., 
27:318-327 (1924). 


Results of standard type bearing testing machines are very erratic. 
The coefficient of friction and the temperature rise is apparently a 
function of the room temperature. An important factor in performance 
of a bearing is the internal friction of the oil. An unloaded, well-oiled 
bearing showed flow of the bearing metal when run at 14,000 revolu- 
tions per min. (3700 feet per min.). A new machine has been devised 
in which the bearing surfaces are held apart positively and an oil 
film constantly maintained, From tests ou this machine of eight. oils 
and ten bearing metals the following conclusions were drawn: (1) The 
heat of bearing is mostly generated by the internal friction of the oil 
film. The effect of the bearing metals, however, is largely due to their 
effect on the internal friction of the oil film. (2) It appears that break- 
ing down or sludging of the oil is necessary to lubrication, the final 
product, however, being harmful. (3) Prevention of sludeing by ex-- 
cluding oxygen, raises the internal friction. (In some oils break-down 
oceurs even if oxygen is absent.) It appears as if lubrication is the 
act of oxidizing the oil. The decomposition product (sludge) is often 
of an abrasive nature. (4) The bearing should be designed to remove | 
heat, in the most efficient manner. The temperature rises very rapidly 
as the thickness of the film is diminished. 

From a study of oil distribution with glass bushings (inside. 
ground) it was found that clearance was a vital factor. If difference 
in clearance at the two ends amounted to 0.001 in. no oil would flow 
to the end with the smaller clearance, Better distribution was obtained 
by grooving the shaft than by grooving the bearing. 
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214. Introduction to Lubrication Symposium Papers. (Presented 
at the joint meeting of the Divisions of Industrial and En- 
gineering Chemistry and Petroleum Chemistry at the 71st 
Meeting of the American Chemical Society, Tulsa, Okla., April 
5 to 9, 1926.) R. E. Wilson, Chairman, Ind. Eng. Chem., 18:452- 
453 (1926), 


The author gives a brief account of the present status of lubrica- 
tion research. He pictures the conditions prevailing in a bearing as 
dependent on a struggles on one side of which are the rotation of the 
journal and viscosity of the lubricant trying to drag a film of oi] 
between the bearing surfaces, and on the other side is the load on the 
journal tending to squeeze the lubricant from between the surfaces. 
Other important variables to be considered are smoothness of bearing 
surface, clearance, diameter and length of bearing, method of oiling 
and oiliness. All of these nine variables determine the amount of 
friction and danger of abrasion. 

Hersey * was the first to point out that the coefficient of fric- 
tion, a dimensionless quantity, could not be a function of these nine 
independent variables, but only a function of dimensionless combi- 
nations of these. Thus it is possible to group the three principal 
controlling variables y = viscosity, n = angular speed, and p = bear- 


ing pressure in the form 7°, This means that the effect of doubling 


the speed, doubling the viscosity or halving the load must be the same. 
Also the coefficient of friction must be a function of the ratios of 
clearance to diameter or length to diameter, and not of these three 
variables separately. As these ratios are approximately the same for 
most bearings, all should give rather similar relations between co- 


efficient of friction and 


These principles were first employed by Wilson and Barnard 8% 
to correlate a great mass of data from the literature and to give a 
clear idea of the nature of the function. A plot is given showing 
some of the data of Stribeck 7 plotted by them, the coefficient of 


friction being ordinates and the parameter 7° abscisse. This paper 


and some of the present symposium show that while oiliness of the 
lubricant has no effect in the régime of fluid film lubrication, it 
does tend to lower slightly the critical point of film rupture and 
decrease the friction and abrasion in the régime of partial lubri- 
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cation, Barnard’s paper in the present symposium shows that the oil 
. . oo . MN gr: , 
circulation through a bearing is also a funetion oF . Wilson mentions 


that work is being done at the Bureau of Standards along these lines. 
In particular they have obtained extremely low critical points in a 
large bearing with very smooth surfaces, and have been studying 
the effect of dirt in the oil on the friction and on the critical point with 
very interesting results. 

Probably the work most needed now is, a detailed study of the 
effect of smoothness and structure of practical bearing surfaces on the 
eritical point, beeause il can undoubtedly be lowered greatly below 
that generally found today. This would permit the use of smaller 
bearings and lighter oils, giving much less friction. 


215. Some Little Understood Factors Affecting Lubrication. 
E. G. Gilson, Ind. Eng. Chem., 18:467-470 (1926). 

Several years ago the author obtained variations in value of frie- 
tion and temperature rise of bearings by varying the room temperature 
only. As the ultimate temperature of the oil, and therefore the vis- 
cosity, was the same whatever the room temperature, there must have 
been some other factor at work. 

To determine what happens to lubricating oil, a special machine 
was built. This consists of a steel bowl containing the oil, which rotates 
at high speed about a replaceable ring which may be made of any 
metal. The oil is thrown to the vertical wall of the bow! by centrifugal 
force and circulates rapidly through the space between bowl and ring. 

Curves of temperature vs. time and friction vs. time are given 
from tests on rings of copper and of bronze, those for the bronze being 
considerably higher. As the same oil was used in each run and the 
viscosity must be lower at the higher temperature prevailing when the 
bronze ring is used, lower friction would be expected instead of higher. 
As the oil film is 0,013 inch thick it would seem that some other factor 
besides viscosity must be responsible. 

An attempt to explain the difference between the curves by some 
change in the oil due to the different metals used must take into 
account the fact that they start off with a difference and maintain 
it throughout. 

The atmosphere in which the machine was run had a great effect 
on the results obtained. In hydrogen, the friction and temperature 
are much higher for all mineral oils tried with one exception where 
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the friction was slightly lower, but the temperature much higher. If, 
during the test, the hydrogen is replaced by air the friction falls 
immediately. Castor and sperm oils give lower temperatures and fric- 
tion in hydrogen than in air. 

In gencral the oils do not sludge or blacken in hydrogen, whereas 
they do in air, This seems to indicate that minimum friction is 
dependent on a reaction within the oil that is dependent on oxygen. 

A small bearing was mounted so that tests could be made on it 
while running in any atmosphere. The friction in a.vacuum was much 
higher than in air. Oxygen gave lower friction than air; if the oxygen 
was exhausted the friction increased but not to the original value for 
a vacuum. The bearing was run continuously in a vacuum aud read- 
ings taken at 8-hour intervals. The friction became progressively 
higher, aud had not reached a maximum at end of the test. If the 
bearing was then run in air for 8 hours the friction dropped almost to 
its original value in oxygen. 

Moisture was also found to have an effect, the friction being much 
less in moist than in dry hydrogen. 

Conclusions. The experiments indicate that for efficient lubrica- 
tion some kind of reaction is necessary which is dependent upon the 
presence of moisture and of oxygen. The fact seems to be well estab- 
lished that the surrounding atmosphere has a very decided effect upon 
_ the friction obtained. The differences in friction cannot be accounted 
for by differences in viscosity of the oil. All of the friction curves 
tend to come together in the region around 100° C., but it is not yet 
known whether or not this has any significance.* 


215a. The Lubrication of Surfaces under High Loads and Tem- 
peratures. T. E. Stanton, Engineering, 124:312-313 (1927). 

The author emphasizes the difference in the values obtained for 
the coefficient of friction in thick film lubrication and in “boundary 
lubrication”. In the former the coefficient of friction may be as low 
as 0.001, while in the latter it may be a hundred times as great. Ref- 
erence is made to the statement of Lanchester at the Physical Society 
conference on lubrication in 1919. Lanchester said: “In about 1890 I 
found myself in charge of a test bench at a works manufacturing gas 
engines, and it was my invariable practice if a bearing ran hot when 
first on test, to substitute castor oil for the mineral oil usually em- 


* Possibly the phénomena can be partly accounted for by different rates of 
convection of heat from the bearing in the different atmospheres.—En. 
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ployed, when all difficulty at once vanished”, Stanton interprets this 
to mean that the surfaces were in actual contact duc to faulty machin- 
ing, and that the lower coefficient of friction given by castor oil at 
the temperature already attained enabled the journal to run until 
sufficient wear had taken place to establish a film. After the film was 
once established it was possible to revert to the mineral oil. Fluid 
film lubrication, in which Reynolds’ conditions obtain docs not exist 
in a great many cases. These cases, in which boundary lubrication 
exists, are of great importance to the engineer, but the condition is one 
to be avoided. There is considerable evidence to show that seizure of 
a. cylindrical bearing, as the load is progressively increased, coincides 
with the transition from fluid-film to boundary lubrication. 

The author gives a theoretical curve, plotted in polar coordiuutes, 
of eccentricity of the journal against the angle between the line of 
centers and the horizontal. The low eccentricity (small load) portion 
of this curve is based on the work of Osborne Reynolds and the high 
eccentricity (high load) portion on the work af Sommerfeld. At zero 
load, the point of nearest approach of the journal and the bearing is 
vertically over the axis of the journal. As the eccentricity increases, 
though still remaining small, the point of nearest approach moves over 
to the “off” side of the bearing, and as the eccentricity is increased 
to large valucs it moves back again until the angle of the line of 
centers to the horizontal is about 45°. Increasing the load still further 
moves the point of nearest approach over to the “off”? side again, 
where contact theoretically takes place. 

Measurements of the relative displacements of journal and bearing 
were made by Thomas using his electrical inductance method de- 
scribed on p. 24 of the July 1, 1927, number of Eingineering [also 
Engineer, 135:188 (1923)]. A. journal 7.6 in. in diameter by 8.5 in. 
long was run in a complete oil bath at a constant speed of 134 revolu- 
tions per minute (265 surface ft./min.). Loads up to 9000 lbs. were 
used, giving values of eccentricity up to 0.77. The viscosity of the oil 
used was 0,2 poise. Up to an eccentricity of 0.5, fairly good agreement 
was obtained between theory and practice but beyond this point, the 
point of nearest approach moved toward the crown of the bearing in- 
stead of in the opposite direction, as indicated by the theory. 

An explanation of this was sought for, The theory indicates that 
negative pressure should exist over a considerable are on the “off” 
side of the bearing. In these experiments it is probable that negative 
pressure could not be obtained, owing to the fact that air was drawn 
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in at the ends of the bearing, with the result that the oil film retreated 
toward the crown of the bearing. This was confirmed by experimental 
measurement of pressures at different points of the bearing, and 
affords an explanation of the observed movement of the point of 
nearest approach. This probably also explains the low values of seiz- 
ing pressure in Tower’s experiments, even with the lower surface of the 
journal immersed in an oil bath. 

Other tests were made in which, instead of using bath lubrication, 
oil was supplied to the unloaded side of the bearing by an oil pump. 
At low loads, artificial heating was necessary to obtain the desired 
temperatures. The bearing used in these tests was a complete bush 
without oil grooves. 

As the temperature rises, the coefficient of friction first drops to a 
minimum, beyond which it increases gradually with further rise of 
temperature, until at a certain critical temperature, the seizing tem- 
perature, a very sudden increase in the coefficient of friction occurs, 
and the surfaces will seize unless the machine is stopped. 

Curves are given of coefficient of friction against temperature for 
loads of 500 and 2500 Ibs. per sq. in. on a journal 2.0 in. diameter by 
2.25 in. long, rotating at 1300 revolutions per minute, Two mineral oils 
and castor oil were uscd in different tests. The results are as follows: 








Coefficient of Friction Seizing 
Static 2500 Lbs. per 8q.In.,, Temperature 
Lubricant Deeley Machine Minimum Coefiicient ° 
No, 1 Mineral... 0.125 0.0018 94.5 
No. 2 Mineral... cc... en 0.126 0.001 224 
Castor Oil ..ecs cece ene ee 0.08 0.0012 138 


The author’s conclusions are: 

(1) “That the known merit of castor oil in preventing the failure 
of bearings running hot is not due to inability to seize, This happens 
in fact at a relatively low temperature, but as previously mentioned, 
it is due to the low cocflieient of friction under boundary lubrication 
conditions. 

(2) "That it is possible to obtain a’ straight mineral oil which 
maintains itself in the film condition up to temperatures far in excess 
of the limiting temperature for castor oil. 

(3) “That mineral oils of the same degree of acidity and un- 
saturation, and for which the values of the viscosity and density are 
approximately the same, may vary greatly in their capacity to stand 
up at high temperatures under conditions of film lubrication.” 
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Oils, then, which are best under boundary lubrication conditions, 
are not necessarily best under film lubrication conditions and vice 
versa, 

In the discussion, Sir K. Threlfall asked if minute chemical 
analyses had been made of the oils used. In reply, Stanton stated that 
only acidity and saponification tests had been made. Sir K. Threlfall 
then remarked that some unrecognized constituent might account for 
the behavior of the oil and bring it into line with Sir Wm. Hardy’s 
views. 


216, The Microstructure and Frictional Characteristics of Bear- 
ing Metals. M. Price, Trans. Am. Soc, Mech. Eng., 26:669-712 
(1905); Am. Machinist, 29(2):505-511, 535-541 (1906). 

The objects of the present rescareh are: (1) to find the law of 
variation of friction with speed, (2) to test Charpy’s theory of the 
function of hard grains embedded in a plastic matrix, (3) to- test 
Goodinan’s theory that a third metal added to an alloy increased the 
friction according to its atomie volume., 

Morin’s results are pretty convincing but are for sliding friction 
on a rectilinear track while most other investigators have used rota- 
tive devices. Morin’s conclusions are: (1) friction is proportional to 
the pressure, i.e., the coefficient is constant, (2) for the same pressure 
the coefficient is independent of the area of contact, (3) the coefficient 
is independent of the speed, except that static is greater than moving 
friction. 

Goodman found: (1) friction is proportional to the area in contact 
if the pressure is the same, (2) at low specds the coefficient is abnor- 
mally high. The minimum coefficient is for a speed between 10 and 
100 ft./min. At speeds greater than 100 ft./min, the coefficient is 
proportional to the square root of the speed. 

The author shows that Morin’s results may be explained by poor 
contact of the surfaces used. The author constructed a friction testing 
machine consisting of a shaft rotating in a half bearing. The shaft 
was first set in rotation free of the bearing, then dropped into it 
and the power shut off. The revolutions per min. of the shaft was 
taken at given intervals. The results obtained with poor fitting bear- 
ings confirm Morin’s laws, and those with well fitting ones confirm 
the findings of more recent workers. 

Examination of a white metal bearing taken from shop service 
showed abrasion, ie. metallic contact, only over about 2 per cent of 
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its arca and of this a large part was due to dust and grit, being mostly 
at the ends. A smaller bearing showed a much greater area worn, 
but was used with an untrue journal, The half bearing was next con- 
structed of a series of alloys. 

The bearing surfaces in the author’s apparatus were very small, 
14 in. diameter by 0.04 in. long, being step bearings on either side of 
the flywheel. The bearings were oiled with mineral oil after each one 
or two runs, 

The performance curves were reduced to the same time scale on the 
basis of a few representative ones for each alloy. These graphs (speed 
vs, time) are shown: The author ascribes ccrtain peculiarities of these 
curves to the addition of different constituents to the alloy. Goodman's 
results were not confirmed, but this was not to be expected altogether 
as Goodman used dry bearings. 

Photomicrographs of some of the alloys are shown. The hardness 
was studied with a sclerometer or by noticing the behavior during 
polishing. 

The author could find no general law describing the performance 
of all the alloys. The softer metals showed greater change in resistance 
as the speed decreased. The variation in the shape of the curves is 
apparently not due to abrasion; the peculiarities, however, seem to be 
correlated with the chemical composition. ` 

The author’s results seem to contradict Charpy’s theory that the 
hard grains contribute the antifrictional properties. The author found 
that pure metals ran longer than alloys. 


217. Surface Action and Fluid Film Lubrication. A. E. Becker, 
Ind. Eng. Chem., 18:471-477 (1926). 17 Figures. 


From his mathematical analysis Reynolds ** concluded “that 
with a particular journal and brass the mean thickness of the film 
of oil would be sensibly constant, and hence if the viscosity was con- 
stant the resistance would increase directly as the speed”. The 
experiments of Tower,” however, showed that the resistance in- 
creased at a much slower rate. According to Reynolds, then, “either 
the boundary actions became sensible or that there must have been 
a rise in the temperature of the oil which had escaped the thermometer 
used to measure the temperature of the journal”, Reynolds chose the 
latter alternative explanation. _ 

The present paper aims to show that Reynolds’ first alternative 
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is of prime importance in the formation and maintenance of fluid film 
lubrication. 

No satisfactory means have as yet been devised for measuring 
the adhesive. forces between lubricants and metals. Probably these 
arc entirely different in a bearing than where the same surfaces arg 
exposed to the atmosphere, because the rubbing action in oil will 
finally remove all oxide or other contaminating surface films. 

The things of interest are the magnitude of the oil film in a bearing 
and the amount of friction. The author has devised a method for 
measuring the former. This consists in measuring the thickness of 
the film by an electrical method. A small thrust bearing is used, the 
two surfaces of which form the conducting surfaces of a condenser, 
the oil in between being the dielectric. The capacity is determined, 
and hence the thickness, by the use of an alternating current bridge, 

The film-thickness was measured under varying couditions of 
speed, load, and oil viscosity, and an empirical equation derived as 


follows: 
, log 9 log a) et 
! x( m (1- B (1- A 


t= flm thickness. 

= oil viscosity. 
n= angular speed. 
P = joad. 


K, A, B, and @ are constants depending on the surface action furces, 





where: 


The constants A, B, and K are changed by changes in either oil or 
bearing surfaces, the constant O is affected only by changes in the 
bearing surfaces. 

The experiments demonstrate that oil film thickness in a given 
bearing depends on surface action as well as on viscosity. It is highly 
probable that the surface action effect is partly due to the surface 
structures of the two bearing elements and partly due to adhesive 
forces between the lubricant arid the bearing surfaces. 

~ It does not follow that two bearings in which the same film thick- 
ness is formed will operate equally well. The author found that cast 
iron surfaces operated smoothly and without damage to the surfaces 
for much thinner films than magnesium surfaces, partly perhaps 


because the latter became damaged more easily during starting and. 
stopping. 
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218. The Rôle of Oiliness in Industrial Lubrication. W. C, Wil- 
harm, Ind. Eng. Chem., 18:463-467 (1926). 

Electrical machinery is being built larger and heavier to satisfy 
the demands of super-power. The conditions are often such that bear- 
ings cannot be increased in size in the same ratio as the rest of the 
machine. Bearings are now sometimes subjected to double the load 
per unit area that was considered safe several years ago, consequently 
more is demanded of the lubricant than formerly. 

Of all the properties generally measured in lubricant tests, viscosity 
is the only one that is any measure of lubricating value. Fluids, how- 
ever, of the same viscosity have different lubricating values, so that 
some additional test must be devised. 

Mechanism of Lubrication, A well designed, well machined bear- 
ing, running at a fair rate of speed runs for the most of its life on a 
film of oil. Under these conditions friction depends on the viscosity, 
and a low-viscosity lubricant would be desired except for the fact 
that other conditions sometimes occur. Sometimes metal-to-metal con- 
tact occurs and viscosity is replaced in importance by a property of 
the lubricant known as oiliness. Wilson and Barnard ® define oili- 
ness as that property of lubricants by virtue of which one fluid gives 
lower coefficients of friction than another fluid of the same viscosity, 
generally at low speed or high loads. 

Importance of Oiliness. On starting and stopping a machine, the 
speed is insufficient to maintain the oil film in the bearings. To insure 
presence of an oil film a larger part of the time, more viscous oils 
are used, but this increases the friction and power loss. It is not so 
important to maintain the oil film if there is a property of the lubricant 
which reduces friction and prevents abrasion under these conditions. 

The bearing pressures in some electrical machinery are so high 
that it is doubtful if fluid films are ever formed. In such cases, oiliness 
is all-important. The lubrication in gears, pistons, crossheads is of the 
same type. 

Nature of Oiliness. Fatty oils and acids invariably give lower 
values of static friction than mineral oils, under conditions of rup- 
tured film lubrication. Oiliness and its mechanism is still a question 
of discussion. Wilson and Barnard ascribe oiliness to.a constituent 
of the lubricant which forms a tenacious adsorbed film of colloidal 
dimensions on metallic surfaces and thus prevents metal-to-metal 
contact. Hardy and his co-workers in their researches on ruptured-film 
(boundary) lubrication state that this type of friction follows 
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Amonton’s law of sliding friction, é.¢., friction is proportional to the 
weight of the slider and independent of the area of contact. They 
picture a film of lubricant several molecules thick built up owing to 
the orientation of the molecules as deseribed by TLangmuir,™* thus 
preventing the attractive force of the surface from exerting its full 
influence. They found much evidence that friction is a function of the 
chemical constitution of the lubricant. 

Southcombe and Wells #° found that compounds that lowered the 
interfacial tension between water and oil gave exceptionally good 
lubricating values. It cannot be concluded from their experiments, 
however, that any substance that lowers this tension is a good lubri- 
cant. Wilson and Barnard have made similar measurement on various 
substances and mercury, and found that materials of low surface 
tension are not always good lubricants. Evidently the nature and 
structure of the film are also of importance, as many compounds of 
low surface tension are deficient in oiliness, 

Measurement of Oiliness. It would seem natural that this prop- 
erty should be measured on a specially designed bearing testing 
machine, but as measurements must be taken when the fluid film is 
ruptured, and the surface becomes damaged under these conditions, 
reproducible values cannot be obtained. The surface cannot be re- 
ground without changing test conditions. 

The simplest and most effective method seems to be the measure- 
ment of static friction under relatively high pressure. The author 
used a modification of the method used by Hardy and Doubleday *** 
and by Wilson and Barnard. 

The author used an apparatus consisting of a slider moving on a 
specially prepared inclined plane. The bearing surface of the slider 
consisted either of three steel pegs 0.10 inch in diameter, ground and 
polished as flat as possible, or three steel balls, one inch in diameter, 
The instant of slip was detected by the making of an electric contact. 
To prepare the surface in the first place and again when changing 
lubricants, it was ground and polished with hubricant-free material. 

A series of tests was made with the slider bearing on three pegs. 
The lubricant was a straight steam-distilled paraffin-base oi! made 
from a Franklin, Pa., crude. It was dewaxed by refrigeration and cen- 
trifuging and not by partial cracking. Its specific gravity was 0.879 
at 15° C. and its Saybolt viscosity was 693 sec. at 100° F. and 354 sec. 
at 130° F, ' 

The coefficient of friction increases from 0.16 at a 200 gram load 
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to 0.176 at 500 grams and remains fairly constant at this value up 
to the highest load, 3800 grams. The coefficient was the same whether 
the excess oil was left on or removed by wiping with a clean cotton 
cloth so that no visible film remained. 

When the film of oil was washed from the surfaces with soap and 
water and dried with ethyl alcohol and surgical cotton the coefficient 
dropped to 0.1. This is probably due to the fact that the surfaces 
adsorbed a film of soap and the coefficients obtained are those for 
the soap. . 

Further tests were made with other lubricants. The crude from 
which the above oil was refined gave a coefficient of 0.188 in spite 
of the fact that its viscosity was less than one-fifth that of the refined 
oil. If oleic acid was rubbed into the crude oil film, the coefficient 
dropped to about 0.12. 

The brass plate was again reground and some experiments made, 
using the slider resting on the three balls. The values obtained checked 
those obtained with the flat surfaces and heavy loads. A large number 
of consecutive tests were made, using a new part of the brass surface 
each time. After 30 tests the coefficient dropped from 0.19 to 0.16 after 
40 tests but rose again slowly after this. 

Theory. Microscopical examination showed that the surface of 
the weaker metal where motion occurred was cut, and that the harder 
metal had a spot of softer metal built up on the area of contact. The 
brass plate was cut by the steel balls in the direction of the motions. 
The same effect was noted by Martin *° in making oil tests with brass 
and steel surfaces. Why should this happen if the surfaces are sepa- 
rated by adsorbed films of more than molecular thickness? 

This cutting action seems to be in agreement with the theory of 
Bingham * on the mechanism of cutting fluids. His theory is that 
the cutting tool acts as a wedge, forcing a chip from the metal 
and the lubricant acts to lubricate the sides of the wedge. Friction 
may in part be due to this cutting action. No actual surfaces are 
perfectly smooth but have numerous small projections which aet as 
cutting tools, and the lubricant functions in the same manner as in 
cutting with machine tools. 

Coulomb in .1785 proposed the theory that frietion was due to 
interlocking projections. This was contested by Rayleigh ™° and 
by Hardy,** who attributed friction to the mutual attraction of 
the metallic surfaces. This hardly explains the cutting action; ib is 
_ not conceivable that the attractive force of two surfaces acting through 
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an intermediate layer of lubricant would be great enough to overcome 
the cohesion of the metal moleculcs. 

It is possible that the initial increase in friction with increasing 
pressure may be due to the fact that more of the projections interlock 
anc the constant value assumed above a certain pressure would seem 
to indicate that the oil film has thinned to the limit and that higher 
pressure within the limits of the test can cause no further interlocking 
of projections. The reduction in friction after numerous tests may be 
due to the building up of the brass spots on the stcel contact areas 
smoothing over the irregularities, a phenomenon similar to the running 
in of bearings. 

If the author’s assumption regarding the interlocking projections 
is correct the following conclusions may be drawn: 

“(1) The secret of good oiliness would be to have a tenaciously- 
adsorbed film of such thickness that the projecting asperities would 
not interlock. 

(2) The friction would be a function of the attractive forces of 
the mctals, the tensile strength of the metals, und the internal friction 
of the lubricant. This may partly explain why softer metals such as 
babbitts give lower resistance than harder metals”. 


219, The Réle of Graphite in Lubrication, I*. L. Koethen, Ind. Eng. 
Chem., 18:497-499 (1926). 6 Figures. 

Where the fluid film in a bearing is ruptured and actual rubbing 
takes place, lubrication is accomplished by adsorbed substances which 
prevent clean metallic contact, the main cause of friction, The prob- 
lem of securing lubrication under these conditions is a chemical one, 
the viscosity of the oil having little effect. This broken film stage 
affects operation seriously because of the damage done when the film 
does break, also because many bearings in service have one or more 
streaks in which the film is broken. These streaks carry most of the 
load and produce most of the friction. 

The author made some tests on the effect of graphite on lubrica- 
tion, using a Riehle friction testing machine, in which a 38-inch steel 
shaft rotated between cast iron bearing blocks. After running for 70 
hours with a 300-viscosity motor oil conditions became constant at 
19 pounds torque and 100 pounds per sq. in. pressure, the speed be- 
ing 196 fect per min. Repeated trials at higher loads resulted in 
greatly increased friction and scoring of the surfaces. Graphite was 
introduced into some of the same oil and the bearing run long enough : 
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to form a graphite surface. Colloidal graphite (Oildag) was used: first 
2 hrs. with 18 per cent graphite, then 6 hrs. with 6.25 per cent graphite 
and finally 8 hrs, with 0.25 per cent graphite. Conditions were then 
constant with the torque at 16 pounds under a bearing pressure of 100 
pounds per sq. in. The pressure could be raised to 180 pounds per sq. 
in, before the torque of 19 pounds was exceeded and the film com- 
menced to break down, That is, the oil still sets the lower limit for 
friction, although the addition of graphite resulted in a great increase 
in permissible bearing pressure. 

Static friction tests were made with a slider resting on three steel 
balls which was drawn over a flat horizontal metal plate by means 
of a thread passing over a pulley, a weight pan hanging on the other 
end of the thread. The plate was made either of shafting steel or 
babbitt. Results of different oils and of effect of powdering the oiled 
surface with dry graphite are given. The results confirm the fact that 
the addition of fatty acids to a mineral oil improves the lubrication 
by this oil. They prove that pure graphite definitely reduces the bound- 
ary friction. 

The graphite undoubtedly fills up some of the minute scratches 
and roughnesses of the metal, thus producing a smoother surface, but 
owing to the soft friable nature of pure graphite, no great width or 
depth of scratch can be filled in this way. There is also a tendency 
for some of the graphite to be rubbed and pounded into the metal 
particularly at the high spots. It has not yet been proved whether 
solid graphite is actually adsorbed to solid metal. 

The fact that oil will displace water from graphite surfaces by 
preferential adsorption is of importance in the case of bearing sur- 
faces subjected to water, such as steel rolling mill necks. These necks . 
often rust within 10 minutes after the mill is shut down. If they are 
graphited, however, this preferential adsorption of graphite for oil 
rather than for water is very effective in maintaining an oily or greasy 
surface. 


220. Lubrication. W. R. Ormandy, Mech. World, 8:326-327, 360-361, 
393-394 (1927). 
The problem of lubrication is essentially that of liquid and solid 
interfaces, surfaces which may be the seat of intense forces. 
Tt has been argued that the work required to bring all the mole- 
cules of a bulk of liquid to the surface must be one-half of the latent 
heat. This is approximately the case with non-polar molecules. If the 
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molecules have chemically active groups on their ends, as do the 
acids and alcohols, the work required to tear a molecule away from 
the surface would scem to be over one-half of the whole latent heat, 
The apparently justifiable assumption las been made in the above, 
that the time a molecule spends in the surface layer is long compared 
with its natural period. These conclusions are borne out by the work 
of Harkins and Robert, comparing the surface energics and latent 
heats of a series of compounds at corresponding temperatures, Thus 
the ratio of surface energy to latent heat is 0.452 for the symmetrical 
compound carbon tetrachloride, while it is only 0.186 for the polar 
compound, ethyl alcohol. The properties of surface layers are largely 
affected by the shape of the molecules and the presence of polar groups. 

Unimolecular Character of Surface Films. Langmuir, experi- 
menting on films of solids on water, found that they were liquid below 
a certain thickness. He measured the surface tension of films of known 
thickness. From the results of these tests he computed the cross- 
section of the molecules and made an estimate of their length. The 
molecules of the fatty acids have practically the samo cross-section, 
but they vary greatly in length, The glycericdes occupy about three 
times the area of the acids from which they are derived. As the dis- 
tance between the carbon atoms of these compounds is less than 
between those of diamond (1.5 A.), it has becn suggested that in long- 
chain compounds the carbon atoms are arranged either in spiral or 
zigzag formation. If solids possess surface forces similar to those of 
liquids it might be expected that polar compounds would take up 
oriented positions thereon. As the length of the chain inercases, the 
attraction between adjacent chains increases, and the space occupied 
by the polar head lessens. Values are given of the energy necessary 
to divide a liquid or to separate one liquid from another. 

On the basis of the modern theory of crystal structure it would be 
expected that the atoms on the edge of a crystal would exert greater 
forces than those in the center of a crystal face, or further that micro- 
crystalline or amorphous material would exert greater external action 
than material composed of large crystals. This is actually the case. 
That solids do have surface energy is shown by the fact that freshly 
split pieces of mica adhere perfectly, or that clean platinum faces 
weld together far below the melting point of platinum. The energy of 
crystal faces varies with the packing of the atoms in the face ‘and 
with the distance from the next face. In crystals of common salt it 
may vary in the ratio of 1 to 4. Added substances may greatly affect 
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the surface energy of a solid. Metallic surfaces prepared for catalytic 
purposes are not equally active all over, The external field of a metal 
extends, though greatly weakened, out for several molecule diameters 
from the surface. 

It is a question of interest if polar bodies are oriented on solid 
surfaces as they undoubtedly are on liquid surfaces. The X-ray in- 
vestigation of Shearer shows that this is the case with fatty acids on 
mica. Hardy showed that while saturated hydrocarbons were adsorbed 
by most solid surfaces, they are very easily displaced by others having 
polar groups. In the case of the reaction between hydrogen and ethyl- 
ene at the surface of a copper catalyst, it is believed that the small 
part of the surface which brings about the actual reaction is amor- 
phous, that is, both gases are adsorbed by the edges and corners of 
the microcrystals. 

Liquids which have a low surface tension, like oils, are more likely 
to wet solids than those which have a high surface tension. Wetting 
may be prevented by adsorbed gases, thus mercury will wet glass only 
in a very high vacuum. Some solids adsorb unsaturated bodies more 
readily than saturated ones. 

Work of Hardy and Colleagues. If two optically true surfaces are 
brought together with a thin layer of a non-polar substance between 
them, the friction between the two assumes its minimum value at 
once; if, however, the substance between the surfaces is a polar one, 
there is a time lag before the minimum value is attained. It has been 
suggested that this time is necessary for the orientation of the polar 
bodies. A lag, but of shorter duration, is exhibited by a polar substance 
mixed with a non-polar one. Hardy and his co-workers observed the 
time necessary to squeeze out an excess of oil from between two plane 
plates. The oil behaves as though it possessed a much higher viscosity 
than the same oil in bulk, even when the layer of it is many molecules 
thick. 

The frictional resistance in a steady state is independent of the 
temperature, but the time required to reach equilibrium (duration of 
latent period) is reduced by mechanical agitation and by raising the 
temperature, 

If more than 0.7 per cent of a polar body is mixed with a non-polar 
body, the coefficient of friction is of the same order of magnitude as 
that of the polar body alone. This is of great practical importance 
and is referred to in the work of Southcombe. Hardy observed that 
the friction varied inversely as the pressure up to a certain pressure 
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and from there on was independent of the pressure. His explanation 
is that the oil film is squeezed thinner and thinner, finally becoming 
of molccular thickness. In the first stage the friction adjusts itself 
to the load by variations in the film-thiekness, but in the second 
stage, friction arises from elastic forces between the atoms, The 
materials of solid surfaces have an appreciable influence on the fric- 
tion even whon the layer of oil is several molecules thick. 

Two clean, plane metallic surfaces will seize if an attempt is 
made to move them tangentially over each other. There is still great 
resistance to motion if a lubricant with a low vapor pressure, such 
as oleic acid, is brought into contact with the edges of the plates. 
The mere presence, however, of the vapor of a polar liquid having a 
high vapor pressure will allow the two plates to be slid over each other 
with little effort. 

The problem of lubrication is concerned with the question as to 
whether “oiliness” is a real property of bodies. No means lave as yet 
been devised for its measurement. The property of adhesion is prob- 
ably at the foundation of the concept of oiliness and is of enormous 
import when the oil film is very thin. 

Experiments have gencrally been carried out, either with films of 
limiting thickness or else with complete lubrication. It is to be doubted 
if the condition of limiting lubrication occurs in practice except very 
rarely. In motor cars it may obtain on Starting up after long standing, 
but only momentarily. 

If the rate of shear of a liquid is small, the resistance to a body 
in motion in it is proportional to the viscosity and to the speed. The 
viscosity of surface layers may be much higher or much lower than 
the viscosity of the bulk of the liquid. 

The electrical resistance of oil films, or paraffin films between disks 
is surprisingly low. (Greasing the terminals of storage batteries 
apparently introduces no additional resistance.) 

Compared with mono-molecular layers, even optically true surfaces 
are immensely irregular. If they are accurate to one-fifth of the wave- 
length of sodium light, the unevenness is of the order of 1000 A., while 
the length of 1 molecule of stearic acid, containing 18 carbon atoms. 
in its chain is about 25 A., that is the unevenness is of the order of 
40 molecule lengths. Such surfaces may therefore be in contact at two 
or three points, but far from contact in most places. 

There is some indication in Hardy’s work that the state of polish 
- affects the results, This is to be expected if we agree with Beilby that 
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the effect of polishing is to create an amorphous layer, for it is probable 
that surface forces are very great in amorphous material. 

Viscosity is of importance in perfectly lubricated bearings. The 
viscosity-temperature curves of different oils differ at low tempera- 
ture but approach each other more and more closely between 200° 
and 300° F. Generally oils of low specific gravity have flatter viscosity- 
temperature curves than those of lower specifice gravity. This is not 
always the case, as much depends on the methods and degree of 
refining. 

Resistance to Oxidation. Moore pointed out that the most fre- 
quent cause of defective lubrication in modern machinery was from 
oil oxidation. This results not so much in loss of oiliness, as in the 
formation of asphalt-like products which obstruct the oil ducts. Oxida- 
tion is greatest with over-refined oils. The presence of finely divided 
metal increases oxidation greatly, hence the importance of crank-case 
oil filtration. 

The author enumerates some problems to be solved in coöperation 
by the physicist, chemist, engineer and oil manufacturer with view of 
producing better lubricating oils. 


221, The Heat of Wetting of Metals by Oils and Its Relationship 
to Lubricating Power. Wm. Bachmann and CG. Brieger, 
Kolloid-Z., 36A:142-154 (1925). 

GENERAL AND THEORETICAL Pant, 


The Testing of Lubricants. The authors enumerate the manifold 
tests applied to lubricants, the chemical tests such as determination of 
acidity or alkalinity, the capacity of resinification, oxidation, the con- 
tent of impurities, etc., and the physical tests for color, specific gravity, 
thermal expansion, viscosity, etc. Other data of importance are: cold, 
flash, and burning temperatures, volatility at working temperatures, 
optical properties as index of refraction, etc. 

These tests, however, still do not give a complete idea of the value 
of an oil as a lubricant. 

Concept of Lubricating Power. Two oils very similar in physical 
and chemical properties may be required in very different quantities 
to produce minimum lubrication (just sufficient oil to lubricate). 
Duffing and Dallwitz-Wegener °° have defined lubricating power as 
the inverse of this quantity of oil to produce minimum lubrication, 
They found that lubricating power depends on the force with which 
the oil is adsorbed by the metal, The tenacity of the oil film would 
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then seem to depend on the capillary properties of the oil and metals 
of the bearing and journal. Dallwitz~Wegener *°*" has given a series 
of methods by which these may be determined. An oil has higher 
lubricating power the smaller its angle of contact and the lower its 
surface tension with respect to the metal. Methods of determining 
surface tension are given by Dallwitz-Wegener.!* 

Heat of Wetting as a Measure of Capillary Forces. According to 
recent adsorption theories, the surface of an adsorber is the seat of a 
field of force, the resultant of the residual valencics of the atoms on 
the surface. Adsorption consists in saturating these valencics with 
secondary valencies of the adsorbed molecules. The heat effect occur- 
ring on adsorption is called the heat of wetting. 

Heat of Wetting. The authors give a table of the heats of wetting 
of various powders by different liquids. No values higher than 80 cal, 
per gram of adsorbing substance are given (excess of liquid present). 
This small heat effect preeludes its determination at a solid metal 
surface. A much larger surface must be exposed to the liquid. 

Observations of Southcombe and Wells. An inspiration to the 
authors’ research was given by tlıe work of Sontheombe and Wells #0 
which led to British patent No. 165,897. These authors discovered 
that quite small amounts of unsaturated groups mace an extraordinary 
increase in the lubricating power of a poor lubricant and thus reduced 
the minimum quantity necessary for lubrication. According to Gur- 
witsch "? certain unsaturated compounds have high heats of wetting, 
though with quite other adsorbers. 

Wells and Southcombe sought after an explanation of this | increasc 
in so-called “oiliness” or “body”, which they found to be caused by 
the glycerides of the fatty acids. They determined the surface tension 
of various oils to water by Donnan’s method and found that vegetable 
and animal oils had considerably lower surface tensions than mineral 
oils. They explained this as due to the presence of unsaturated com- 
pounds, especially free fatty acids in the former oils. The neutral 
glycerides have surface tensions of the same magnitude as those of 
the mineral oils. This assumption was shown to be correct by the fact 
that the lubricating power of neutral glycerides or mincral oils was 
increased by the addition of a small amount of a fatty acid. The 
unsaturated groups and fatty acids in a lubricant go direct to the 
metallic surfaces and form an adherent film thereon which offers con- 
siderable resistance to being torn away even at high velocity of the 
lubricant relative to the metal. According to P. V. Wells this 
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layer, in particular with oleic acid, is of bimolecular thickness, i.e. 
about 4x10” om. There is no rcason for doubting the existence of 
such a film on the metal surfaces having a different constitution from 
the body of the lubricant. 


EXPERIMENTAL PART. 


The lubricating power is determined by the “activity” of the 
lubricant with reference to the bearing metals, therefore by the force 
with which the oil or a constituent of it is selectively adsorbed by 
the metallic surfaces. This “physico-chemical force of attraction” finds 
a direct expression in the heat of wetting. 

The authors state that to their knowledge the heat of wetting of 
metals by oils has not yet been measured. 

They select three classes of lubricants: 

1, Ouls of evident lubricating power. 

2. Poor lubricating oils. 

8. Petroleum with additions of fatty acids in sense of Southcombe 

and Wells. 

In order to lower the viscosity and accordingly impart easier 
miscibility the authors diluted all their oils except petroleum with 
benzol in the ratio of 2 parts oil to 1 part benzol. 

The adsorbing medium used was finely divided copper prepared 
by reducing cupric hydroxide in a current of hydrogen. 

Apparatus. The apparatus used is described in detail. The copper 
powder was placed in a glass tube through which passed a rod whose 
lower end terminated in a glass stopper ground to fit the lower end 
of the tube. The whole was immersed in oil in a Dewar flask and at a 
given instant the stopper was pushed out, allowing the copper powder 
to mix with the oil. About 20 grams of copper and 200 ce. of oil 
were used. Temperatures were measured with a resistance thermometer. 

The Adsorber. The cupric hydroxide was reduced in a current of 
hydrogen at a comparatively low temperature so that its fine structure 
was preserved and a powder could be obtained, all samples of which 
had the same specific surface. 

Measurements. The- temperature increase was plotted against the 
time. The curves showed a marked change of slope due to the evolu- 
tion of heat when the copper was wet by the oil. The distance between 
the prolongations of the first and last portions of the curve was taken 
as a measure of the heat of wetting. These results are given in the 
table below. 
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Benzol is seen to have a very small heat of wetting, and therefore 
the amount of this adsorbed by the metal will be small. Hence it ean 
be assumed that the undiluted oil will have a heat of wetting deter- 
mined from the hoat effect and the actual quantity of oil in the mixture. 

Relation of Heat of Wetting ta Lubricating Power. 
Temperature Temperature 


Rise/20 per Rise/20 per Heut of 
Grams Cu Grama Cu Wetting per 
Oil with Benzol without Bengol 100 Grams Cu 
°C, °C. °C. 
Castor oll co.cc ccc eee eee eee ee eee 0.018 eas 11,75 
‚019 teas 12,40 
Linseerl of] wc... cece eee eee eee 023 wane 14.45 
02L rera 13.25 
Machine oil distillate........--.0008 022 sao 14.55 
021 eres 14.00 
Refined machme oil...........000r: O10 sees 6.65 
: 009 .... 5.95 
Paraffin oil ocsennnaceseeeesenn nn 006 tees 3.85 
‚006 sees 3.85 
Petroleum viccsveccctcee ec encenneee sees 0,007 53 
u... 008 . 60° 
Benzol vice ceceegeceenceeaeencneees wees 008 wea 
Petroleum with 1 per cent oleie acid .... .029 220 
tee 027 20.5 


These results support the conclusion of Southcombe and Wells that 
the fatty acids are capable of forming an extremely stable and 
tenacious film on the bearing surfaces and are a very favorable 
addition to make to other oils. 

These results will throw some light on reason for the extraordinary 
lubricating power of colloidal graphite, a phenomenon whicli hag never 
been satisfactorily explained. A higher heat of wetting of graphite 
by an oil is to be expected than of a bearing metal of equal surface 
by the same oil. Graphite has a strong attraction for oil, Achesou 
(German patent No. 230,586) found that oil displaced colloidal 
graphite from its state of dispersion in water, the water micelles 
around the graphite particles being replaced by oil micelles. It can 
now be seen why graphite acts as an economizer of oil: it allows the 
formation of a thin, stable, and tenacious film, such as is expected with 
a good lubricant, on the surface of graphitized bearings. 


222. Materials in Modern Turbine Construction, A. Thum, Z. ver. 
deut. Ing., 71:753-765 (1927). Bearings on p. 762. 

While satisfactory radial bearings for turbines are quite old, the 

thrust bearings have been a source of trouble until quite recently. 
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The basis for the design of a serviceable thrust bearing was laid by 
Reynolds, Sommerfeld, and Michell, who showed that a viscous film 
of lubricant between two surfaces moving past each other and inclined 
at a small angle to each other was able to take up large loads in virtue 
of its internal friction, and to force the two surfaces apart. From this 
arose the single collar thrust bearing, which in contrast to the old 
multiple collar thrust bearing is not only much more reliable but gives 
lower frictional loss, 

While the question of bearing friction has been rather thoroughly 
studied from a physical standpoint there is still much work to be done 
in developing more suitable materials for turbines, above all suitable 
turbine lubricants. Only refined mineral oils can be considered for 
the lubrication of turbines. It is desirable that they have an Engler 
viscosity of 3 to 5° at 50° C. The thrust bearings are too sensitive if 
lower viscosity oils are used, even if the friction is somewhat lower. 

With driving turbines, a heavy oil of at least 6 Engler degrees at 
50° C. must be used to lubricate the rapidly moving gears. 

Present day turbine oils are satisfactory with respect to viscosity 
wetting power, and lubricating power, but they age rapidly. In the 
course of time tar, slime, acid, scum and emulsions are formed in them. 
In its passage through the oil cooler and the water separator the oil 
comes into contact with air and is partially oxidized. The oil also 
becomes full of air bubbles which are not conducive to perfect 
lubrication. 

The oil may form an emulsion with water from leaks in the cooling 
coils or from steam leaking through the packing. The oil tends to 
emulsify more the longer it is in service where it is exposed to oxygen, 
In order to produce non-emulsifying turbine oils the refining must be 
carried further than at present, and a new test must be devised which 
will distinguish an emulsifying oil from a non-emulsifying one. 

Although in normal running there is no metallic contact between 
shaft and bearing and the question of bearing metals might be thought 
entirely subsidiary, actually the choice of a bearing metal is of great 
importance. It must be especially resistant to abrasion on starting and 
stopping, when metallic contact occurs. A good bearing metal must 
have a melting point much different from that of the journal and will 
melt before the latter becomes damaged. A high-tin white metal has 
proved to be best for the radial bearings. Its Brinell hardness should 
be at least 35. Bearing metals containing much lead are not recom- 
mended where pressure oil-feed is used because the lead is oxidized 
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and washed out by the vigorous oil circulation. For the single collar 
thrust. bearing, white metal is somewhat too soft and it is better to 
use here a hard tin bronze. 


223. Some Experiments on the Oxidation of Lubricating Oils. 
H. Moore and J. Barrett, J. Inst. Petroleum Tech., 12:582- 
585 (1926). 

The authors consider that when dealing with practical lubricants 
and their application, oiliness, on which so much research work has 
been done, is of secondary importance to resistance to oxidation. Most 
machinery operates under conditions where oiliness does not come 
into play. They conclude that the majority of failures due to the 
lubricant are caused by oxidation of the oil. 

Bearing failures fall into two classes: (1) The lubricant had in- 
sufficient oiliness to keep the surfaces apart. (2) There was an inade- 
quate supply of oil due to formation of deposits in it. 

The first type of failure is liable to occur in experimental or poorly 
aligned machinery, In failures of the second type, the oil may change 
so that the pumps or other feed devices will not work properly. Change 
is either an oxidation accompanied by a great increase in viscosity 
or by the deposition of solid substances. If water is present the liability 
of emulsions forming is greatly increased. Oxidation is of not much 
inportance in slow drip feed, but very much so in modern continuous 
circuit lubrication, 

The authors tested seven oils of about the same viscosity and one 
of higher viscosity for the effect of oxidation. Air was blown through 
the oil at 200° ©, according to the Air Board Specifications (British). 
Viscosity was determined with the Redwood viscosimeter. Some of 
their results are given in the following table. 


Effect of Oxidation on Viscosity of Oils. 


Viscosity alter Test 
Specifie Viscosity Viscosity before Test 





Name of Oil Gravity 100°F. 100° F'. 200° F. 
Russian pale oil. .....c cece eee eae 0,909 387 23 1.25 
California red ol... . 00. cee eevee es 928 308 6.7 3.0 
California pale oil,......ces eee eees 928 386 61 8.4 
South American red oil..........6, 930 354 over 20? 8.25 
Mixed base red oil... cerere 910 434 2.3 16 
Pennsylvania long residuum oil..... 879 612 15 15 
Russian eylinder oil....... Kaerseren 912 760 16 1.2 
Texas red oil....... dave eeeeeeeenees 939 418 3.2 19 
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223a. Investigations on Turbine Oils, H. Stiiger, Internl. Congress 
Testing Materials, Amsterdam, 1927. Vol. IL, pp. 456-468. 


Present test methods comprise only the testing of the oils as de- 
livered and the quantities measured do not always inelude all of those 
pertinent to lubrication. 

The theory of perfect film lubrication is relatively well developed, 
uot so, however, that of semi-fluid lubrication. It has been found 
that a certain definite minimum quantity of oil is necessary to secure 
fluid lubrication. If this minimum amount is not present, the friction 
depends on the amount of oil that is present. In this case, the adhesive 
properties of the oil are of importance. Hence in the selection of a 
lubricant it is necessary to make capillary tests to get an idea of the 
adhesion, capacity for spreading, and behavior “during semi-fluid 
lubrication. The most important researches on the properties of fluid 
films are those of Langmuir, Harkins, and their collaborators. Lang- 
muir considers that the forces coming into play are physico-chemical 
forces, te., primary and secondary valence bonds. These, Langmuir 
finds, are exerted in the highest degree by polar groups which cause 
the structure ‘of the molecule to be asymmetrical. Harkins considers 
the strongest polar groups to be directed toward the adsorber (with 
lubricants, towards the metal), These forces increase with the molecu- 
lar weight. 

According to Dunstan and Thole, the lubricant molecules enter 
into a physico-chemical combination with the metal surface. 

Bachmann and Brieger have determined the heat of wetting of a 
metal by a lubricant as a nieasure of the adhesion. 

Evans has measured the potential difference between lubricated 
and unlubricated portions of a metal, which may possibly serve as 
a measure for the lubricating capacity of a lubricant. Similar obser- 
vations haye been made by Hackford in practical tests of Diesel 
engines. ' 

The frictional force to produce damage to a lubricated bearing 
depends on viscosity, heat of wetting, and geometry of the bearing, 
according to von Dallwitz-Wegener, in the following manner: 

7 
F= PER 
n = Viscosity. 
8 = Heat of wetting. 
p = Constant depending on radius, relative speed of lubricated parts, 


load, ete. - 
e = Smallest distance between surfaces. 
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The heat of wetting, £, has been neglected in nearly all investiga- 
tions of mineral lubricating oils. Duffing has proposed to determine 
this from the angle of contact. The angle of contact, however, depends 
not only on the oil, as is often assumed, but also on the surface it is 
in contact with. In general the angle of contact will be smaller, the 
wetting properties better, the greater is tho cohesion pressure of the 
metal, but in the case of heterogencous alloys, such as arc used for 
bearings, the case is not so simple, In the case of bronzes, the bearing 
is run-in by abrading off any projecting points, while in the case of 
white metals, running-in occurs by yiclding of the matrix. 

The author investigated 12 oils, both as received and artificially 
aged by heating for 1000 hours in air at 112° C. The oxidation 
products formed were identical with those obtained in service. It was 
found that the viscosity had nothing to do with the force of adhesion. 
A white oil became more viscous after ageing but the angle of con- 
tact dropped from about 45° to about 28°, and the acid number in- 
creased from 0.12 to 6.5, showing that compounds with polar groups 
had been formed. The increased viscosity indicates a considerable 
polymerization, hence increase in molecular weight. 

The alloys with respect to their wetting capacity may be divided 
into three groups: (1) Steel and cast iron, poorest; (2) red brass and 
bronze; (3) white metals with the best capacity for being wetted. 
With regard to these last, there is no appreciable decrease in wetting 
power when lead is substituted for tin. The wetting capacity was 
materially decreased by removing most of the acid compounds and 
those of the nature of petroleum pitch, by means of freshly calcined 
fuller’s earth; in some cases it was decreased even below that of the 
original product. These active or polar groups, however, were not the 
only ones te be considered; in some cases the acid compounds could 
be removed without affecting the angle of contact and in other cases 
the angle of contact was materially lessened if they were partly re- 
moved. Further investigation was necessary to find out what com- 
pounds besides the already known fatty acids, were effective. 

No appreciable difference was found in the lubricating properties 
of naphthene- and paraflin-base oils as delivered, but the naphthene- 
base oils were somewhat better as regards resistance to oxidation. 
The wetting capacity, and hence the capacity for film formation of 
an oil is improved by the oxidation products formed on ageing. 

While a certain amount of decomposition of turbine oils is desir- 
able, the reverse is true of capacity. for formation of foam’ and 
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emulsions. Hitherto these properties have been regarded largely as 
funetions solely of surface tension and viscosity and have led to the 
belicf that less viscous oils of the same surface tension inclined to 
foam less, Quite different conclusions, however, have been drawn from 
recent investigations, in fact substances giving the most stable foams 
had the lowest viscosities. Ostwald and Steiner show that the foam- 
ing capacity depends neither on surface tension nor on viscosity 
and that substances with surface-active forces sometimes destroyed 
the foam. Bartsch, however, showed that this capacity was lost 
if the concentration of these substances exceeded a certain value. 
Foam formation is greatest when there is maximum heterogeneity in 
the surface layer, i.e., equal numbers of molecules of solvent and foam- 
ing agent. The formation of such boundary layers is essential to 
foaming and the products formed during ageing give rise to just such 
layers. Heat and suspended oxygen also favor the formation of emul- 
sions with steam and leakage water. Duckham and Bowery showed 
that emulsions containing 15-20 per cent water were not injurious 
to lubrication. It is certain that surface tension is no criterion for 
the capacity for forming emulsions, so that the proposals of Phillip, 
Delbridge, Conradson,!®®® and Dimmig %4 are completely off 
the track, especially as the disperse phase may be oil or water ac- 
cording to the prevailing conditions. According to the investigations 
of Clowes, the equilibrium of the emulsion depends on the relative 
number of positive and negative ions. With mineral oils, under some 
conditions, there is no critical ratio, so that a pseudoequilibrium may 
arise, in which both kinds of emulsion exist together. 

The author studied the surface tensions of the oils at his disposal 
against different solution as well as against acids, alkalies and pure 
water. One method of doing this is by studying the character of drops, 
the capacity for drop formation increasing with the surface tension. 
The author's investigation showed that surface tension was no cri- 
terion for emulsification which is understandable from the results of 
Clowes’ investigations on equilibrium and ion adsorption. In this case, 
the development of the surface layer and its structure, &.e., the forma- 
tion of polar groups, plays the principal part. With water, emulsions 
of the water in oil type were formed, while with soda solutions, they 
were of the inverse type. Emulsions of the first type were easily 
destroyed by the application of an electric potential, while those of 
the inverse type were extraordinarily stable. 

Studies were made of emulsions by Clayton’s conductivity 
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method. In most cases the conductivity did not change appreci- 
ably between 20 and 85° C. The acid number is not a satisfactory 
measure of the decomposition of an oil by oxidation, neither is it 
correlated with the reduction of surface tension and the capacity for 
forming emulsions. In certain cases, emulsions may be formed with 
pure water. 


224, Oil Flow in Plain Bearings. D. P. Barnard, 4th, Ind. Eng. 
Chem., 18:460-462 (1926). 6 Figures. 


Oil-film thickness, friction loss, temperature, and oil consumption 
are definitely related to the path of oil flow through the bearing and 
therefore to the rate of flow. The usual course of the lubricant is as 
follows. The oil enters at a point halfway between the ends of the 
bearing, where it is picked up by the revolving journal and dragged 
through the load-supporting part of the cil-film space. The pressure 
thus developed serves to support the bearing load and also to foree 
the lubricant towards the ends of the bearing. All of the oil eventually 
escapes from the ends due to the pressure generated within the film 
and to oil-feed pressure. The effect of these two pressure components 
must be considered separately. 

Flow Due to Pressure Developed in the Oil Film. As the motion 
of the journal carrics oil only in the direction of rotation, end leakage 
must be entirely due to pressure. The clearance is so small that the 
flow, particularly the end flow, is laminar and must obey Poiseulle’s 
law, from which follows: 


Rate of flow (eu, in. per sec.) = [LP (de)*/yl] 
where 
P=load on bearing. 
d= diameter of bearing. 
e==clearance between bearing and journal. 
i=length of bearing. 
== absolute viscosity of oil. 
The pumping efficiency is the ratio of the volume discharged per 
revolution to the clearance volume, accordingly: 
i P(de)? 
p 
Anl 
i = 
E adel 
2 


As ff is dimensionless it may be expressed as a function of dimension- 


less ratios as follows: 
2 
PVP TT 
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Effect of Oll-Peed Pressure. This also follows Poiseulle’s law, but 
as it changes with changes in the relative positions of journal and 
bearing, no general expression for the effect of feed pressure can be 
formulated. The range of feed pressure, however, is rather low and is 
readily covered by experiment. 

Experimental Resulls. Experiments were made on a bronze bear- 
ing supported by a hardened steel shaft within the following ranges of 
the variables: viscosity = 12.5-43.5 centipoises; angular speed = 200- 
2000 revolutions per min.; load = 41-271 pounds per sq. in.; diameter 
= 1 in.; length = 2 in.; clearance = 0.006-0.0011 in.; oil-feed pres- 
sure = 10-70 pounds per sq. in.; ot] flow = 0.075-3 cu. in. per min. 
HN 





Curves of pumping efficiency against are given for different 


oil feed pressures. The drop in pumping efficiency with increase in T 
is to be expeeted, as under these conditions the journal occupies more 
nearly the center position, and as less presure is generated in the film 
itself, the tendency is for the oil to follow more closely the direction 
of rotation, (As part of the flow is due to feed pressure the recorded 
values are not true pumping efficiencies. No measurements were made 
under conditions of zero feed pressure, though an extrapolated curve 
for this condition is given.) 

Of course the method fails at the point of fluid film rupture and 
the experimental data do not include this point. 

Effect of Clearance. Pumping efficiency is apparently not de- 
pendent on clearance, so that the total flow varies with the clearance. 

Oil Grooves. The author states the results found by extrapolation 
for zero oil feed pressure would apply to any plain bearing with an oil 
groove on the unloaded side. The effect of grooving on the loaded side 
is open to speculation. It is well known that such grooves are almost 
certain to diminish the load capacity. 

A motion picture study was made of the oil flow in a plain bearing 
of glass, the path of flow being made visible by a small amount of 


dyed glycerol solution. The effect of reducing T is to lessen the 


ability of the journal to carry lubricant through the load supporting 
part of the film space. 


. _ m. , 
In general, increasing 7° increases film thickness, although the 


pumping efficiency is lowered. If there are no adequate means for heat 
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dissipation by metallic conduction, problems may arise in securing a 
satisfactory film thickness. This will be aided by large clearances and 
high feed pressures. 


225. The Theoretical and Practical Study of Lubrication. H. 
Havre, Genie Civil, 90:45-48. [Abstract in Mech. World, 82:397 
(1927).] 


“The author remarks that what is aimed at in lubrication is the 
, ; , aA a o 
reduction of the coefficient of cleavage of the oil > whilst maintain- 


ing adherence between the metal surfaces and the surface of the 
lubricant in contact with them. 

“The two most important qualities of a lubricant are: (1) viscosity, 
or the attraction of molecules of oil for each other;* (2) ‘oiliness’ or a 
tendency to adhere to a solid surface—achesiveness. It gives rise to a 
velvety sensation when oil is rubbed between the finger and thumb, 
adhering even when they are separated vertically. As no mutual 
attraction exists between metals and either water, mercury, or 
glycerine, the latter are unsuitable for bearing purposes. A drop of 
mercury placed between and in contact with two metallic surfaces 
appears to be repelled, its edges bulging outwards; a drop of oil seems 
to be drawn out between the surfaces and its edges are concave. A 
sort of condensation of oil molecules, accompanied by a slight rise in 
temperature, occurs in the surfaces in contact with the metal, and is 
equivalent to a considerable apparent local increase in viscosity, the 
molecules forming a more rigid film than when completely surrounded 
by liquid oil. Adhesiveness is evidently desirable, and it is found that 
vegetable oils, especially fatty acids, considerably increase the oiliness 
of petroleum lubricating oils; hence the customary addition of 0.6 
per cent of stearic acid or 1 per cent of rape oil. Oils have a particular 
attraction for sulfides, graphite and coal. Hence it has been proposed 
to sulfurize the surface of journals and bearings. The current practice - 
of applying flour of sulfur to bearings which are liable to overheat 
causes the formation of hydrogen sulfide which increases the adherence 
of the oil. Graphite, which has a considerable achesivencss for both 
metal and oils, perhaps causes a resistant film to form on the parts 
in contact. Forcing oil between surfaces causes great waste fron over- 
flow, but is otherwise effective, and the addition of a little fatty acid 


* Viscosity is chiefly kinetic, ie, due to transfer of momentum. —Ed. 
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or the sulfurization of rubbing surfaces by exposure to hydrogen sulfide 
is recommended. Thick greases formed at high temperatures from 
animal fat with soda form very resistant films and are unsuitable for 
lubrication. Rough surfaces tend to break the adhering film, and 
should be polished. Adhesiveness is coincident with a tendency to 
spread, and is evidently a surface tension phenomenon, different metals 
having attractions for oil similar to those due to surface tension. The 
author illustrates this by a diagram. Turbines should not be supplied 
with a lubricant which tends to form an emulsion with water. This is 
generally due to the formation of metallic soaps in the presence of 
mineral acids. An oil which is viscous but only slightly adhesive is a 
bad lubricant; an oil slightly viscous but very adherent is an excellent 
lubricant”. 


226. Water as a Lubricant for Machinery Bearings. C. W. Naylor, 
Trans. Am. Soc. Mech. Enng., 27:432-433 (1906). 


Two jack shafts, 5 in. diameter by 18 ft. long, transmitted 175 
horse-power each at 250 revolutions per min. through leather belts to 
5 generators. The boxes were 14 in. long of the plain non-self-oiling 
type, and split in the horizontal plane. The pull of the six belts was 
all in the same direction and horizontal. 

For two years much trouble was experienced keeping the boxes cool 
with oil. Several grades of oils and greases were tried. Finally Lake 
Michigan water was tried and was used with good results for eleven 
years, the set being in operation ten hours per day. Five minutes before 
closing down small streams of oil were admitted to the bearings to 
prevent rusting overnight. The wear in eleven years was one-quarter 
in. for the box and nil for the shaft. 


227. An Apparatus for the Investigation of Oils and Bearing 
Metals. G. Dettmar, Elektrotech. Z., 23:741-745 (1902). 

The author has designed a simple and accurate machine especially 
adapted for testing oils. A complete test may be made in 20 minutes. 
He refers to earlier experiments (Elektrotechnische Zeitschrift, 1899, 
Nos. 22 and 28). 

Oils are tested under conditions approximating those of service, 
i.e., in a thickness of 0.05-0.1 mm. The machine consists essentially 
of a shaft on which two flywheels are mounted and which is supported 
by a ring oiled bearing. The machine is set in motion and the energy 
lost may be determined at any moment from its loss of angular 
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velocity. The machine runs from 5-15 minutes. The load on the bear- 
ing is about 3 ke./om* The author states that the frietion is inde- 
pendent of the load. The initial speed is 2000 revolutions per inin. or 
3.14 meter/sce. (80 nm. diameter.) Tests were started when the tem- 
perature became steady. A heating coil was used for preliminary 
warming up as it would take one or two hours to reach constant tem- 
perature by running alone. 

The author takes the frictional constant of two oils to be inversely 
as their time of running in his machine. The quantity of oil required 
is about 0.3 liter. 

In a previous investigation the author found the coefficient of 
friction to be proportional to the square root of the lineal speed, but 
the present rescarch shows that the exponent of speed is not always 
one-half but varies from 0.55 at 28° to 0.89 at 70° G. If the lineal 
speed is below 0.1-0.2 meter/see. the coeficient increases again. In 
the previous work, coefficient of friction was found inversely propor- 
tional to the load but now this is found to be true only for a completely 
enclosed bearing. Experiments with different size shafts in the same 
bearing show that the coefficient of friction is inversely proportional 
to the thickness of the oil flm, In a full bearing the film of oil becomes 
thinner below and thicker above when the shaft is loaded, making the 
average the same, therefore the force of friction should be independent 
of the load. If a film is interrupted the upper half of film does not 
become thicker even if the lower half becomes thinner (assuming that 
the upper half-is not forced down upon the shaft), therefore the force 
of friction increases. Data from full and half bearings confirm this, 

The thickness of oil film is of great importance in investigations 
on bearing metals. As the film is only 0.025 to 0.050 mui. thick, the 
bearing must be accurate to 0.001 mm..to obtain accurate results. 
Such accuracy is rare. If a full bearing is usec), data are not so reliable 
as when only a half or quarter bearing is used. If the same oil is used 
the film thickness depends on the load. 

The author finds that the effect of the bearing metal on the friction 

‚is relatively small at speeds under 1 meter/sec. 

Thermal conditions are of great importance. The higher the tem- 
perature, the greater is the allowable speed (assuming complete 
lubrication): Author confirms Tower’s results on the cffect of tem- 
perature. He finds that for a given angular speed the coeflicient of 
friction is nearly inversely proportional to the temperature. 

Curves of coeflicient of friction against lineal speed are given. 
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These show a minimum coefficient at about 0.2 meter/sec. For zero 
speed the coeflicient has a finite value. Above 0.2 meter/sec. the 
coefficient is proportional to the speed. 

The author explains the shape of the curves by: (1) the slip of 
oil with reference to the metal at low speeds, and (2) a stationary 
“layer, therefore pure fluid friction, at high speeds. A minimum co- 
efficient of friction is shown by a point of inflection in the revolutions 
per min. vs. time curve. The author gives curves for white metal and 
red bronze bushings. 

Experiments indicate that the total time of running down may be 
taken as an index of the internal friction of the oil. Curves for two 
different bearing metals practically coincide in the upper part of the 
range, but diverge greatly in the lower part. Curves for six different 
oils are given. 


228. Bearing Metals. Notes Regarding Methods of Testing and 
Qualities. R. C. Carpenter, Trans. Am. Soc. Mech. Eng. 
27:422-425 (1906). 

The autlor states that there are no laboratory tests which are 
likely to bring out all the qualities of a bearing metal. The Thurston 
machine gives the coefficient of friction with substantial accuracy, but 
exaggerates the heating effects. The results also depend more on the 
lubricant than on the bearing metal. 

The author has used the admittedly highly artificial method of 
applying a known quantity of oil to the shaft and noting the tem- 
perature and cocfficient of friction at stated intervals. The tempera- 
ture and pressure at which seizure oceurs may also be used as an index 
of the value of a bearing metal, i 

The bearing metal should have considerable adhesion for the 
lubricant, it should be softer than the shaft but hard enough to retain 
its shape, while if melted it should not adhere to the journal, The 
nlloy Pb, 85; Sb, 15 is too soft for hard service. Genuine babbitt has 
proved to be adapted to a wider range of service than any other 
material. Lead is a poor conductor of heat, therefore alloys containing 
much lead run a good deal warmer. 

The alloys Zn-Al-Cu, with zine the largest constituent, were satis- 
factory in some cases but were much affected by impurities in the 
zinc. The alloy Al, 50; Zn, 25; Sn, 25 has many excellent properties 
for certain types of bearings. 
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229. The Electrical Resistance of Bearings. A. E. Kennelly and 
C. A. Adams, Elec. World Eng., 41:231 (1903). 


The authors found that there was considerable resistance between 
the shaft and pedestals of small dynamo machines while the shaft was 
rotating. This resistance was maintained over a wide range of speeds, 
but broke down at speeds low compared with normal. 

On an Edison bipolar 125 v., 6 kw. machine operating at 1800 
revolutions per min., the resistance was practically nil when the shalt 
was at rest. At speeds above 100 revolutions per min. the short circuit 
in the bearing disappeared and the resistance of both bearings in 
parallel rose to 4.4 megohms. Hach bearing was 5 in. loug by 1.125 in. 
internal diameter. The resistance was then 100U megolims per sq. em. 
of oil surface, The bearings were self-oiling types with two brass rings 
in each. 

The insulation was maintained under considerable lateral pressure, 
this having to be altogether abnormal to break down the insulation. 

The insulation broke down if any of the rings accidentally made 
contact with the sides of the bearing slots. The insulation was not 
restored until all rings were seb in motion again. 

Similar experiments with a new machive in which the bearing 
surfaces were not yet worn to normal condition showed only a more 
limited degree of insulation. 

If the brass rings were replaced by fiber ones of the same dimen- 
sions the insulation did not break down even when 600 volts D.C. was 
applied. Resistance was markedly reduced wheu 1670 volts A.C. was 
applied. 


230. Some Experiments in Lubrication. (Correspondence.) A. V. 
de Forest, Engineering, 101:509 (1916). 

Measurement of the electrical resistance of an oil film might offer 
a delicate index of the lubrication of a bearing. A millinmmeter and 
a resistance box were connected through the bearing to a dry battery. 
Resistance was chosen to give full scale deflection of the instrument 
on the short circuit of the bearing. 

First experiments were on a circular brass disk 2 in. in diameter 
bearing on a polished cast iron plate. With fairly heavy oil the resist- 
ance varied from 0 to 100 ohms with pressure. Thin oil decreased the 
resistance of films, Sudden changes in resistance took place when the 
plates were left untouched. If left in contact, they were separated in 
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a few minutes by thin sperm oil. The continuous oil film formed was 
very sensitive to slight vibrations and eyen sounds. 

The resistance of the bearings of a grinder was measured. This 
was very variable on starting, but at full speed was fairly uniform. 
Resistance was lowered by an increase in the load. 

Many other tests were made. Excessive load, poor fit or lack of oil 
were indicated by short circuits. 


231. Measurement of Oil-Film Thickness in Bearings. V. Vieweg, 
Verkehrstech., 1927, p. 858. (Abstract by Przygode.) . 

The author describes various methods for measuring oil-film thick- 
ness. In a new method devised by him, the bearing, if perfectly 
lubricated, is made to act as an electrical condenser, the conductors 
being the journal and bearing metal, and the dieleetrie being the oil. 
The Alm-thiekness is found from the capacity of this condenser as 
measured by an alternating current bridge. The method is applicable 
also to ball and roller bearings. 


232. The Experimental Determination of the Relative Value of 
“Short Bearings. Editorial Correspondence, Am. Machinist, 
28 (2) 878-879 (1905). 

It is a fundamental assumption of bearing design, that, other 
things being equal, the load capacity is directly proportional to the 
length. So far this has never been doubted, but some experiments 
carried out by Hayward for the Link Belt Engineering Company 
show that under the conditions to which chain links are subjected this 
is very far from being true. The small unit loads to which chain links 
could be subjected without destructive wear has long been a puzzle. 
This was true for loads less than the working loads of bearings in 
general. 

A special design of the above company lias pins and links possess- 
ing much greater bearing length on the surfaces which take the load. 
About twice the surface of the ordinary design is brought into play. 
The load capacity, however, is far in excess of twice that of the 
ordinary design, leading to the conclusion that the load capacity in- 
creases faster than the length. 

Tests were made in a special machine of bearings having different 
lengths. These were run dry (without oil) until the longest diameter 
of the hole was 1.5 times that of the pin. Curves are given showing 
that the life of bearing increases faster than the length. The explana- 
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tion of this seems to he in the feathers which form on cach side of 
the bearings. The layers of metal on the outside have nothing to 
support them and spread out under the load, The shorter the bearing, 
then, the greater the reduction of cffective arca. The effeet of length 
of bearing on the unit load capacity was still pronounced in steel 
bearings when the length was 3 times the diameter. 


233. Bearing Testing. Iu. vom Inde, Verkehrstech,, 1927, p. 858. 
(Abstract by Przygode.) 

The author ‘discusses the desien of bearings, bearing friction, and 
materials of journal and bearing, as well as oil. The principal charac- 
teristics to be determined are the temperaturc-load, and temperature- 
speed curves, though it is also desirable to determine the moment of 
friction curve. Well adapted for this are the Kammerer testing machine 
and the new Vieweg machine, both of which may be used in the 
factory. 


234, The Bearing Testing Machine of the Reichsbahn Versuchs- 
anstalt at Göttingen, Germany. Praygude, Verkehrstech., 
1927, p. 858. 


A one-fifth scale model of the Reiclisbalin bearing testing machine 
was exhibited at the Materials Exposition in Berlin, Oct., 1927. 
This machine allows bearings to be tested complete in a railroad car- 
frame equipped with axle and springs under conditions as near as 
possible to service conditions. The input to the driving motor is 
measured and also the temperature rise in the bearing. Side pressures 
may also be applied. The Reichsbahn exhibit included a collection of 
bearings showing the development up to the present day. The present 
type comprises a red brass back in a cast steel shell, the red brass 
being lined with Bahn-metal or a lead-alkali metal alloy. In early 
bearings the pressure was high at the ends, but in recent types it is 
distributed uniformly over the whole length. 


PART 4 


TABLES SHOWING PROPERTIES 
OF BEARING METALS 


Taen 1.—Brinell Hardness of Slowly Cooled Lead Bronzes.* 


Per Cent Per Cent Per Cent Per Cent 
Sn Pb BHN Sn Pb 
45 0 49 4 6.9 
8.8 0 63 8 6.9 

16.3 0 77 139 7.0 
25.9 0 230 2,4 10.6 
0 10 272 8 10.4 
0 20 23.8 13.9 10.4 
0 40 138 41 14.12 
41 0.95 57 92 15.3 
81 11 67 198 5.0 
14.1 1.15 83 20.4 8.8 
3.9 3 46 215 8.05 
78 32 61 110 50 
139 sl 83 17 50 
3.99 50 46 5 20 
80 50 61 24 © $ 
13.7 51 93 12 20 


* Giolitti and Marantonio, Gazz. chim., 40(1):51-77 (1910). 
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Yasue 2-~Properties of the ASTM. Bearing Bronzes 


Per Cont Conposition-———-———. Potmds per Sq.In, 
Maxi- Compres- 
mwn sive BUN 
Maxi- Maxi- Total Ten- Deforma- Per 500 ke. 
mum mum Tmpur- sile tion Cent per 
No. Cu Sn Ph Zn P 8 ities Slyength Limit Tl 80sec, 


85 10 5 One O70imin, 6.05 0.50 28,000 18,000 12.5 60 


2 80 10 10 150 O70mine 0.05 0.75 25,000 15,000 8 55 
3 80 10 10 3 0.05 max. 0.05 2.50 22,000 12,500 8 50 
477 8 15 G50 02nux 005 075 20,000 12,000. 10 48 
5 783 72 050 005max. 005 1.00 18,000 11,000 7 45 
6 70 5 25 050 None 0.05 1.00 15,000 10,000 5 40 
Pormanent 
Unlisted set in one in, 
Max. at 100,000 
psi. 
A * 20. 1nax, 1.0 max, 0.50 2.1000  0,06-0.12 in. 
Boo 1rımx 10 max. 0.50 18,000 0,10-0.20 in. 


ir Remainder, In Nos, 1 to 6: Fe is limited lo 0.25 per cent; Sb to 0.50 par 
cent; and Al is excluded. 

+ Defined us the load that produces 0,001 in, compression in a speeimen I in, 
long and 1 in. square cross-section. 

Permissible variation in specified percentages (except of impuritics) + not over 
5 per cent specified—0.50; over 5 per cent to 10 per cent specificd—-0.75; over 
10 per cent specified—1.50. 

In the foregoing tables, Nos. 1-6 have the compositions specified by American 
Society of Testing Materials speeißention B31-21 for bronze bearing metal in 
ingot form; the data on strength indicate what may be expeeted of muiteriat prop- 
erly handled. Grades 1 and 2 are phosphor bronzes. The last two grades (5 nnd 6), 
which are liable to segregation of lead, are improved by 1 per cent nickel. Tor 
railroad use, metal similar in composition to Nos. 2 and 8 is specified for vecentric 
straps, er oss-head gibs, ete iul similar to No. 6 for tender, freight and passenger 
car equipment, Alloys A and B are specified (1322-21) as to both composition und 
properties, for tumbabies and swing. and Hit bridges, T hoy illustrate, the choice 
of bearing metal according to the material of the moving part: A is suited 10 
contact with hardened steel dises at pressures over 1500 psi (humlables, swing- 
bridges); B is suited to contact with slow-moving soft-sleel parts at lower pres- 
sures (trunnions and journals of lift bridges). 


Tanta 38—Properties of Alloys for Car Journal Bearings* 


—Per Cent Coimposition— 
Cu Sn Pb Zn 


95 5 0 0 
90 § 5 0 
90 10 ) 0 
85 5 5 5 
85 5 10 0 
85 10 5 0 
80 5 5 10 
80 5 10 5 
80 5 15 0 
80 10 5 5 
80 10 10 0 
75 5 5 15 
75 5 15 5 
75 5 10 10 
75 5 20 0 
75 10 5 10 
75 10 10 5 
75 10 15 0 
70 5 25 0 
70 5 10 15 
70 5 20 5 
70 10 20 0 
70 10 5 15 
70 10 15 5 
70 10 10 10 
65 5 30 0 


*C. H. Clamer, Trans. Am. Inst. Afetals, 9:241-263 (1915). 


TABLES 


Tensile 
Strength, 
psi. 


41.800 
40,500 
39,000 
38,150 
31,200 


32,700 
28,100 
34,700 
23,300 


33,550 
31,850 
27,000 
31,350 


29,800 
23,300 
24,400 
31,300 
27,000 


24,750 
28,400 
28,100 
27,000 


27,500 
30,000 
28,100 
19,800 


Per Cent 
Elonga- Selero- 
tion scope 

on2in. Hardness 
34.5 23 
34.5 15 
15 23 
36 it 
19.5 14 
95 19 
15 16 
23 18 
15:5 14 
35 21 
8.5 21 
10 18 
19 19 
13 18 
15.5 12 
1.0 25 
25 21. 
6 15 
14 12 
10 20 
20 15 
6 19 
15 28 
4.75 22 
15 23 
12 10 


+ Compressive stress = 100,000 psi. (pounds per sq. in.). 


Propor- 
tional 
Limit, 

psi, 
18,000 
19,000 
25,000 
18,000 
18,000 


22,000 
18,000 
16,000 
16,000 


27,000 
23,000 
17,000 
18,500 


19,000 
15,000 
27,000 
28,500 
23,000 


16,500 
18,500 
17,500 
21,000 


40.000 
26,000 
29,000 
15,000 


4 
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Compressive 


Per 
Cent 
Compres- 
sion t 
al 
32 
26 
33 

36.5 


26 


17 
17 
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Tanto 4—Weer Tests on Bronze Beariayy Metals.*} 


Temp. Weur, 
Per Cent Composition Rise, milli- Relative 
Cu Pb Sn Zo. °C. grams Wear $ 
95.0 4.95 aos 29 5.08 0.49 
90.7 ... 9.45 wee 28.5 11.45 1.13 
85.8 tes 14,9 aes 28 18.14 1.79 
90.8 48 46 29.5 3.51 0.35 
85.1 10.6 4.6 31 2,46 24 
81.3 141 5.1 32 2.12 21 
75? 20? 5? u... 32 1.80 18 
68.7 26.7 5.2 un. 32 1.32 13 
64.3 312 4.7 e 35.5 0.84 ‚08 
83.3 10.3 5.3 21 38 2.69 0,27 
79.8 10.3 4.7 54 36.5 3,02 0 
774 11.4 5.6 65 38 3.06 ‚30 
74.3 10.5 4,7 110 38.5 5.48 ‚54 


* Tests made on the Carpenter friction testing machine. Total number of 
revolutions = 100,000; speed = 525 r.p.m.; bearing 3% in. long by 3%. in. dimn- 
eter; load = 1000 Ibs, per sq. in.; lubrication = Galena coach oil fed by cotton 
waste. 

+G. H, Clamer, Trans. Am. Inst. Metals, 9:241-263 (1915). 

+ Comparison with the work of Dudley (Abs. 1) on the basis of the work 
of Portevin and Nushaumer (Abs, 99) according to whom the wear of copper-tin 
bronzes is proportional to the tin content, or more exactly to the amount of 
“delta” constituent in the alloy. 
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Taste 5a.—Lead-Tin-Antimony Alloys with Additions. 





——~ Per Cent Composition Designation and Infor- 


No. Pb Sn Sb Cu Bi mation in Sources Source 
Group A with Low Tin Content, 
l 65 cee 25 10 .« Locomotive and tender 
bearings, Cie. de PEst Charpy 

2 78.28 125 2012 07 028 aaa Buchanan 
3 80.65 114 753 042 ... Soft white metal Fairlie 

4 780 5 15 2 0.25 For eccentric linings Buchanan 
5 72.0 115 135 3 ... Locomotive bearings, 


withstands compres- 
sion, but not pounding 
on reversal of motion Hughes 


6 77 10 125 O05 oo... aaa Campbell 
7 77 8 14 10 Bearings such as “Coleco” Campbell 
8 60 32 3 5 Eccentric strap linings, 
piston-rod packing, Cie. 
de l’Ouest Charpy 
Group B with Medium Tin Content, 

9 4425 3474 17.1 nen Buchanan 
10 33 53 11 3 e Shall melt at 146° * Buchanan 
11 38 42 17 3 ... For metallic packing Buchznan 
12 48 40 10 2 ..» Underwater bearings Buchanan 
13 44 34 16 6 1. Main bearings Buchmun 
14 44 35 17 4 ‚.. Marine bronze No, 4 Buchanan 
15 34.0 54 11 1 ... Locomotive bearings, 

somewhat harder than 

No. 5 Hughes 
16 48 40 10 2 tee a eee Campbell 
17 46 36.5 16.5 1 ... American railroad Campbell 
18 33 53 106 24 Zul anne Roberts- 

Austen 
Group C with High Tin Content. 

19 6.25 84 215 7 „.. This alloy jis given pref- 

erence over those 

richer in lead beenuse 

it segregates less f Kern 
20 17 76 3 Booo aens Buchanan 
21 12 80 sae 6 ... Plastic Metal Buchanan 
22 10.5 70 15 925 025 Plastie Metal L Buchanan 
28 12 30 was 8 0.5 Plastic Metal 2 Buchanan 
24 17 77 3 3 ... For marine engines Buchanan 
25 1350 74.22 655 36 Zu,18 Axle boxes Buchanan 
26 1475 7884 Traces 3.7 ...  Acid-proof metal Buchanan 
27 10 80 1 8 Zn,1 Plastic Metal Buchanan 
28 17 77 7 6 wee nee Buchanan 
29 10 80 2 7 1 Plastie Metal Buehanan 
30 10 75 12 Brennen Camphell 


* Incorrect, melts above 230° C. End of solidification at 180° C. 
+ Segregation may also be prevented in the least rich alloys by addition of 
copper. 
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Tare 8— Properties of Tin-Base White Metals.} 


— Per Cent Comyposition— Pour. Ann. 

No. Sn Sb Cu Pb 1°C. °C, BHN d h 10° UCS+t 
1 90.85 4.07 3.78 1.02 370 150 26 1580 0.4550 40.0 
2 83.29 10.98 3.89 0.92 350 150 28 1.350 0.6015 29,6 
3 8098 1073 418 3.29 350 150 831 1915 06030 343 
4 89.87 4.33 4.23 1.29 370 150 30 1.357 0.6025 30.0 
5 86.35 10.33 3.25 nil 400 150 30 1.875 0.5710 30.0 
6 60.22 12.08 6.38 19.89 400 150 34 1326 0.6440 24.1 
790.77 438 889 Tr. 350 150 20 1738 03030 428 
8 87.29 747 458 0.62 400 150 33 1320 0640 30.0 
9 77.32 11.25 9.98 0.75 400 150 31 1273 0.6620 30.0 


* Contains 0.53 per cent Ni. 

+ Priestly, J. Inst. Metals, 28:177-182 (1922). 

f Load to produce cracking taken as UCS, Priestly gives deformation vs. 
compressive strength data. 


Original size 1 in. diameter x 1 in. 


Taste 9.—Friction Test. 


Bearing block: bronze Lining: 0.5 in, thiek 
Surface area: 48 sq. in. Surface velocity: 665 ft./m. 
Load: 4800 Ibs, Journal diam, : 6 in, 

Unit load: 10,001 lbs. per sq. in. Journal speed: 360 R.P.M. 
Lubricant: sperm oil 


_ (Prior to euch test the machine was run several days in forward and reverse 
direction to secure perfectly smooth bearing surface.) 


— 10% Coefficient of Friction —- 


No. Initial t °C. t°C. afterdh Increase 49° C. 60°C. = =Max.t °C, 
la 15.6 58.3 42,7 33 24 24 
1b “ 62.2 46.6 

2a “ 62.2 46.6 62 44 30 
2b “ 65.0 49,4 

3a “ 71.1 55.5 57 45 40 
3b “ 70.6 55.0 

4a, “ 75.0 594 al 28 23 
4b “ 65.0 49.4 

5a _f 62.2 46.6 AG 34 34 
5b “ 69.4 54.0 

ôa « 622 46.6 41 30 26 
6h e 61,7 46.1 

7a, “ 65.0 49.4 38 26 23 
7b “ 62.2 46.6 

8a, « 59.4 43.8 35 31 29 
8b “ 73.3 577 ` 

9a, “ 59.4 43.8 37 30 29 
9b « 61.7 46.1 


a = forward; b = reverse. 
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Tanne 10.—Properties of Tin-Base White Metals.* 
Durability Test. 
Lubricant: Sperm oil bath for 10 min. 
Journal diameter: 6 in. 
Journal speed: 360 R.P.M. 


Load == 2400 Ib. or 500 Ibs. per sq. in. 
Initial temperature = 15,6° C. 








Temperature of Time Ele- Condition 
No. Fusion, °C. ment, Min. Bearing Journal 
1 148 88 a c 
2 150 62 a c 
3 147 41 b d 
4 134 72 b d 
5 160 38 b c 
6 139 72 a c 
7 166 52 a e 
8 159 78 a c 
9 163 75 a c 


a = slightly fused; b = considerably fused; e = no metal adhered; 
d= metal adhered. 


* Priestly, J. Inst. Metals, 28:177-182 (1922). Priestly also gives time-tempera- 
ture and time-friction data, 
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TapLp 12.— Classification of White Metal Bearing Alloys* 


Grade 
1,2 


Hard Constituents 
Sn-Cu compound, 


Sn-Cu compound 
and Sn&b. 


SnSb and Sn- Cu 
compound, 
SnSb. 


Sb or solution of 
Sn in Sb. 


Sb erystals. 
Entectoid O. 
Pb-Sb cutectic. 


Soft Constituents 


Solid solution of 
Sb in Sn. 


Eutectoid P and re- 
lated structures, 


Eutectoid O and re- 
lated structures, 


Pb-Sh eutectic. 
Soft 
Pb 


dendrites of 


Uses 


Almost all uses. 
Often replaceable 
by Class C. 


Very thin linings of 
great fluidity and 
firm adherence. 


General service; al- 
loy 7 especially 
suited to replace 


Class A alloys. 


Unsuited to gen- 
eral service. For 
special use, as m 
lining railroad car 
bearings. 


* Table 11 shows the compositions and properties of the twelve alloys given 
in AS.T.M, specification B23-26, and three alloys specified by the War Service 
Association of Manufacturers of Solder and Bearing Metals. The practice of 
applying a thin and easily renewed lining to the surface of a bronze bearing 
calls for alloys of grent fluidity at pouring temperatures; these are indicated in 
the table. Table 12 summarizes the classification applied to this series hy Wm, A. 


Cowan. 


Tasty 13—Bureau of Standards Comparative Tests on Genuine Babbitt 
and Ulco Metal** 


+ 


Load, Lbs. Total Final Rise, Friction, Loss, 
perSq,In. R.P.M. Revolutions t°C. t°c Lbs, Grains 
Genuine Babbitt 
100 694 12,280 89 53 22 0.355 
200 706 16,510 102 58 29 324 
300 682 15,150 125 100 38 201 
400 603 6,600 139 94 79 833* 
Ulco Metal 
100 710 13,160 56 23 13 0.201 
200 715 18,870 69 33 18 324 
300 719 18,830 80 42 27 201 
400 711 17,310 81 43 23 339 
500 723 17,660 79 43 25 216 
600 692 14,960 84 45 24 324 
700 648 24,520 62 38 24 309 
800 365 12,870 53 20 23 154 
900 408 22,300 59 22 24 232 
1000 405 23,200 66 36 22 2167 


** Bur, Standards Circular 101, p, 123. 
* Bearing seized and smoking. 
+ Bearing still in good condition. 


374 BEARING METALS 
Tasim 14.—Shrinkage anıl Volume Changes on: Soltdification (Miller) * 
Tensile 
Per Cent Por Cent Strength, 
Per Cent Composition Expansion Shrinkage Lbs. perq. In. 
Cu, 90; Sn, 8 0.05 1.500 33,500: 
8.15; Zn, 2.68 ‚059 1.535 25,000 
10.32 2.19 O41 1.497 30,800 
6.07 4.59 O45 1.605 25,600 
9.81 4,43 O80 1.457 29,200 
Cu, 90; Sn, 7; Ph, 0.92 0.065 1.517 22,500 
6 2.14 052 1.512 22,800 
5 2.90 047 1.687 16,300 
Cu, 92; 8n, 5; Ni, 2.64 0.035 1710 30,500 
4 3.67 037 1.730 34,600 
Cu, 92; Sn, 6; P, 1.36 0.017 1.44 29,800 


* Metallurgie, 9:63-71 (1912), 


Tanin 15—Shrinkage and Volume Changes on Solidification (Wiist)* 


Per Cent Per Cent 

Per Cent Composition Taxpansion Shrinkuge 
Cu, 87.10; Sn, 2.68; Zn, 8.05; Ph, 2.28 0.025 1.76 
81.06 17.50 1,53 024: 1,50 
83.75 9.65 1.6 ‚058 1,47 
86.05 9.84 2.00 1.44 075 1.47 
Cu, 94.70; Sn, 5.08 0.085 1.66 
89.65 10.23 122, 1,44 
80.66 19.08 01 1,52 
Pb, 80.61; Sb, 19.2 0.54 
85.2 14.68 56 
Pb, 78.89; Sb, 12.5; Su, 8,45 0.55 
58.84 21.4 Sn, 19.80 -49 
Sn, 8542; Sb, 9.45; Cu, 5.10 0.51 
90.20 8.00 1.85 555 
70.83 15.1 4.94 921 ‚425 


* Metallurgie, 6:769-792 (1909). 


Tass 16.—Thermal Conductivity of Some Industrial Alloys.* 


Name 
S.A Te, £10 + 
#11 


Al Bronze 


* Williams 
(1923). 





Sn 
92,5 
86.9 

0 

51 
10.6 
10,8 

5.6 


Cu Pl 
3.6 02 
5.2 04 
71 63.9 

84.9 50 

86.6 0.0 

79.0 9,5 

85.3 8.3 


J 


4 


5 


Cu 89.9; Al 9.1; Sn 0.5 


and Bihlman, Trans. Am. Inst, Mining Met. Eng., 69:1065-1060 


Per Cent Composition ———- 


Sb 
37 
79 
28.8 
Zu 49 
Zn 2,8 
P 03 
Zn 07 


7 Sociely of Automotive Engineers bearing alloy. 


bec. 


50-100 
50-100 
50-100 
140-325 
155-340 
150-340 
140-320 


130-350 


k 


0.092 
0.062 
0.076 
0.23 

0.142 
0.109 
0.177 


0.174 
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